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PREFACE

This report summarizes the results of the "Helicopter Trans-
mission Vibration and Noise Reduction Program." The report
covers the work accomplished during the 40-month period from
June 1974 through October 1977 and is composed of two volumes.
Volume i fsYthe TechnicaReportF, and Volume II is the User's
Manual.

The work outlined herein has been performed under U.S. Army
contract DAAJ02-74-C-0040 and under the technical cognizance
of Mr. Allen ioyai, U.S. Army Research and Technology Labora-
tories, Fort Eustis, Virginia.

This program was conducted at the Boeing Vertol Company under
the technical direction of Mr. A. J. Lemanski (Program Manager),
Chief of the Advanced Power Train Technology Department.
Principal investigators for the program were Mr. John J.
Sciarra (Project Engineer), Mr. Robert W. Howells, Mr. Joseph
W. Lenski, Jr., and Mr. Raymond J. Drago.
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INTRODUCTION

Considerable attention has been focused in recent years on the
reduction of noise levels for both military and civil heli-
copters. Helicopter noise emanates from three major sources -
the rotor blades, engines, and transmissions. Exterior noise
is dominated by the rotors and engines, although the trans-
mission also contributes to this noise. Minimization of the
exterior noise is important to reduce the annoyance to commu-
nities near civil helicopter operations and to reduce the
detectable noise signature of military helicopters. The
interior ca:cin noise is predominantly due to the transmissions,
with the engines and rotors being secondary sources. Interior
noise not only dogrades crew performance by causing annoyance
and fatigue, but interferes with reliable communication and
may cause hearing damage. Comfortable interior noise levels
are essential for passenger acceptance of civil helicopters.

By any of the numerous standards in existence for scaling
annoyance and reactions to noise, transmission noise is par-
ticularly objectionable. Noise in excess of 120 dB has been
measured for the transmission of a medium transport helicopter
"which, for comparison, approaches the noise level of an air-
raid siren. Not only is this noise level high, but its fre-
quency typically falls within the sensitive 1000-5000 Hz range
which is particularly annoying to the human ear. Furthermore,
the pure tonal content, which results in a high-pitched whine,
is subjectively much more annoying than broadband noise.

Transmission noise and the inherent structural vibrations
which generate this noise have been of concern to helicopter
designers for many years. Until recently, analytical methods
have not been available to predict and reduce transmission
vibration/noise problems in advance. The conventional means
of controlling transmission noise has generally been to add
acoustical enclosures after the hardware is built and a noise
problem has become evident. Since practical enclosures are
limited in noise attenuation by unavoidable sound leaks in
seams and access doors, adequate attenuation is not provided
for advanced helicopter drive systems of increased power. Not
only do these enclosures impose considerable weight and main-
tainability penalties, but they do not reduce the deleterious
effect of the accompanying vibrations which contribute to
material fatigue and fretting at joints. The objective of this
report is to document computer programs that will provide the
capability to perform trade studies during the design stage
of a program. This capability will yield optimized drive train
components that are dynamically quiet with inherently longer life
and reduced vibration and attendant noise levels.
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The following programs which were used in this contract are
briefly described and sample input and output cases are pro-

"I vided to assist the user in applying these programs to other
applications. The programs identified in this report are:

e Gear Tooth Mesh Excitation and Compliance Input Generator
Program (Tregold's Approximation)

* Mesh Dynamics for High-Contact-Ratio Spur Gears (R-75)

o Program for Prediction of Gear Mesh Excitation Spectra -

GGEAR (R-67)

* Dynamic Gear Tooth Force Analyses - TORRP (R-32)

o Complex Structural Dynamic Analysis Computer Program Using
Stiffness Methods (D-82/C-51)

o NASA Structural Analysis Program - NASTRAN (S-70)

* Strain Energy Analysis Programs (S-68 and S-83)

1.4



BACKGROUND

The transfer of torque between mating gears is not uniform
due to tooth profile errors and the elastic deformation of
the gear teeth under load. This nonuniform transfer of torque
produces a dynamic force at the gear mesh frequency (number
of teeth x rpm) and its multiples which excites the coupled
torsional/lateral vibratory modes of the gear shaft. This
lateral vibration (or bending) produces displacements at the
bearing locations which excite the housing and cause it to
vibrate, thus radiating noise (Figure 1). Furthermore, the
dynamic characteristics of the housing may magnify its dis-
placements and the resulting noise. This transfer of mesh
energy from its source to remote locations is shown in Figure
2 as measured noise levels.

Controlling the dynamic response of the transmission is a
desirable approach to noise reduction, since avoidance of
resonance reduces shaft deflections at the bearings and
inherently increases the life of dynamic components and trans-
mission reliability.

Computer program GGEAR/HCR (R-75) has been prepared by
Mechanical Technology Incorporated (MTI) for the Boeing Vertol
Company. High-contact-ratio (HCR) gearing reduces the non-
uniform load transfer between gears and hence mesh noise/
vibration generation.

Computer program GGFAR (R-67) (Reference i), which was also
prepared by MTI as an extension of GEARO (Reference 2), takes
gear tooth geometry (driving/driven) as well as material
properties to simulate mesh cycles. This computer program is
used to calculate approximate gear mesh compliance (Reference
1, page 156) and harmonics of the meshing error.

Utilizing the mesh compliance and a meshing error of R-67, the
gear teeth dynamic load may be obtained using TORRP (R-32).
This is basically an uncoupled torsional Holtzer analysis with
planetary capability (Reference 2). Other input would beshaft and gear geometry as well as exciting frequency.

1. Badgley, R. H., and Laskin, I., PROGRAM FOR HELICOPTER
GEARBOX NOISE PREDICTION AND REDUCTION, Mechanical Tech-
nology Incorporated, USAAVLABS Technical Report 70-12,
U.S. Army Avi,'tion Materiel Laboratories, Fort Eustis,
Virginia, March 1970, AD869822.

2. Laskin, I., Orcutt, F. K., and Shipley, E. E., ANALYSIS
OF NOISE GENERATED BY UH-l HELICOPTER TRANSMISSION,
Mechanical Technology Incorporated, USAAVLABS Technical
Report 68-41, U.S. Army Aviation Materiel Laboratories,
Fort Eustis, Virginia, June 1968, A1J675457,
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Reduction of the dynamic excitation of the housing is accom-
plished by minimizing the dynamic forces at the shaft support
bearings. This is a two-fold task. First, the excitation due
to the dynamic tooth forces is calculated from the gear geome-
try and operating conditions. Second, the damped force
response of the shafts responding to the tooth mesh excitation
loads is calculated from a finite element model and the shaft

-, -is detuned using strain energy methods to minimize the dis-
placement at the bearings. The development of this method,

GEAR MESHING

% •ij • PULSATIONS

0.5 1 0
TEETH UNDER LOAD 0 I ----- 4

,1-------- ONE TOOTH SPACING

DMC FORCE
AT GEAR MESHES

VIBRATIONS AND
AIRBORNE NOISE
RESULTING FROM
DYNAMIC FORCES

Figure 1. Sources of Transmission Noise.
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accomplishment of extensive dynamic testing, and correlation
of data are described fully in References 3 and 4. Finally,
the dynamic forces associated with the optimum configuration
of the internal components are applied to the model of the
housing. To study the response of the transmission housing
to these forces and to minimize the noise produced, a finite
element model of the housing was developed and analyzed using
NASTRAN.

MICROPHONE INSTALLATION

a- . -- a -

'. M11 -5"-. ,,k(, M1•3 )! M• / III 7 o -. '%
_._..__l-, '_--- M6A

(~M104

F. -1

!i !iM3 'P& • : M2 •
II :] • I •d- M17

' M20 1 i

M5 -

Figure 2. Maximum Measured Noise Levels
(7460 RPM at 800% Torque).

3. Hartman, R. M., A DYNAMICS APPROACH TO HELICOPTER TRANS-
MISSION NOISE REDUCTION AND IMPROVED RELIABILITY, Presented
at the 29th Annual National Forum of the American Helibopter
Society, Washington, D.C., May 1973.

4. Hartman, R. M., and Badgley, R. H., MODEL 301 HLH/ATC
TRANSMISSION NOISE REDUCTION PROGRAM, The Boeing Vertol
Company, USAAMRDL Technical Report 74-58, U.S. Army Air
Mobility Research and Development Laboratory, Fort Eustis,
Virginia, May 1974, AD784132.
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Two computer programs have been developed to calculate the
strain energy/density distribution of finite element models
vibrating in various modes (References 5 and 6).

The first, S-68, takes any mode shape of the internal compo-
nents finite element model as determined by finite element
computer program D-82 anid calculates the strain energy/density
distribution. D-82 calculates the coupled bending (vertical
and lateral)/torsion natural frequencies and mode shapes of
the internal components finite element model which includes

shaft data, gear tooth mesh compliance, bearing spring rates,
lower planetary representation, and sync shaft torsional spring
constant.

The second strain density computer program, S-83, takes a
NASTRAN modified checkpoint tape as input and calculates the
strain density distribution for the transmission housing plate
structural elements.

The basis for finding the strain density distribution is that
it yields the optimum locations for structural modification
for detuning a structure for least weight penalty.

Work conducted under this program was directed toward
analyzing the Boeing Vertol CH-47 forward rotor transmission
housing which is composed of three major sections: upper
cover, ring gear, and case. The upper cover provides lugs
for mounting the transmission to the airframe and transmits
the rotor system loads. The case contains and supports the
main bevel gears. The ring gear, which connects the upper
cover and case, contains the planetary gear system. This
natural division of the housing was adhered to for all the

modeling completed during this program.

The geometric grid points for the model were defined from
design drawings and by cross-checking on an actual housing.
CQUAD2 (Quadrilateral) and CTRIA2 (Triangular) plate structural
elements were used.

5. Sciarra, J. J., VIBRATION REDUCTION BY USING BOTH THE FINITE
ELEMENT STRAIN ENERGY DISTRIBUTION AND MOBILITY TECHNIQUES,
45th Shock and Vibration Symposium, Dayton, Ohio, August
1974.

6. Sciarra, J. J.,USE OF THE FINITE ELEMENT DAMPED FORCED
RESPONSE STRAIN ENERGY DISTRIBUTION FOR VIBRATION REDUCTION,
U.S. Army Research Office - Durham, Final Report Contract
DAH-C04-71-C-0048, July 1974.
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GEAR TOOTH MESH EXCITATION AND COMPLIANCE
INPUT GENERATOR PROGRAM

PROGRAM DESCRIPTION

The original computer program for predicting spur gear tooth
mesh excitation and compliance, which was entitled GEARO, was
presented in Reference 2. GEARO was subsequently improved and
renamed GGEAR (R-67) to include a sideband analysis capability
and was modularized as indicated in Figure 3 to allow conven-
ient inclusion of future improvements for helical and spiral
bevel gears (Reference 7).

Under this contract, the analysis of the mesh dynamics for
high-contact-ratio (HCR) spur gears was developed under a
Boeing Vertol subcontract to Mechanical Technology Incorporated
and was included as a subroutine in GGEAR. This revised
program (GGEAR/HCR) has been completed and tested; the details
of the HCR analysis and test cases are presented herein. The
work accomplished is summarized below:

* Gear tooth mesh geometry analysis for HCR spur gears was
developed.

e Tooth profiles, tooth bending, tooth contact surface
deformation, and tooth support flexibility for meshes with
two, three, or four pairs of teeth in contact instanta-
neously have been included.

o Load sharing between pairs of teeth, stiffness of individual
tooth pairs and of the total mesh, and mesh excitation
expressed in terms of deviation from true conjugate action
tangent to the mesh pitch circle result from the analysis.

0 Representative estimated values of tooth support flexi-
bility are provided internally in the program with a user-
controlled option for employing them.

* Restructured analytical expressions and input parameters to
provide more efficient execution and improved utility were

a d included.

o Automatic plotting capability for loads and tangential
errors was completed.

7. Gu, A. L., and Badgley, R. H., PREDICTION OF GEAR-MESH-
INDUCED HIGH-FREQUENCY VIBRATION SPECTRA IN GEARED POWER
TRAINS, Mechanical Technology Incorporated, USAAMRDL
Technical Report 74-5, U. S. Army Air Mobility Research
and Development Laboratory, Fort Eustis, Virginia,
January 1974, AD777496.
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To apply the mesh excitation and compliance program to helical
or bevel gears, it is currently necessary to employ the Tregold
approximation (Reference 7). This method reduces a helical. or
bevel gear to an "equivalent" spur gear representation which
is then input to GGEAR.

• I TREGOLD APPROXIMATION

/ DATA GENERATOR

Main Program

GGEAR/HCR (R-75)

• II II r- --L -L- ' r-L --I e

Subroutine High-Contact- Helic Spiral Bevel'

(SprO Ratio Spur seal
GEARO spI)Gears Gears

ADDED FOR PLANNED SUBROUTINES FOR
NOISE INDICATED GEAR TYPES

VIBRATION (FUTURE)
Subroutine PROGPJU4
AJCDH

CARRY OUT GEAR
CALCULATIONS

Subroutine

CALCJ

tV
• "Subroutine Subroutine Subroutine I

PLT FOUR, SPECT

(PLOTTING) (FOURIER ANALYSIS) (SPECTRAL
DENSITY
ANALYSIS)

Figure 3. Gear Mesh Compliance/Excitation
Computer Program Structure.
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INPUT PREPARATION

A sample worksheet for developing input data required by
Tregold's approximation for converting a spiral bevel gear into
an equivalent spur gear is shown in Table 1. Table 2 shows
data generated for the CH-47 forward rotor transmission spiral
bevel input pinion and bevel ring gear. This data was used to
fill in the data input sheet shown in Figure 4. A source list-
ing of the Tregold's approximation program for calculating
gear tooth mesh excitation and compliances is provided in
Appendix A.

PROGRAM OUTPUT

The Tregold approximation program provides punched card output
in a format for direct input into GGEAR (R-67). Also, it is
convenient to use the Tregold program strictly as a data deck
generator even when only spur gears are being considered. A
sample output case is shown in Figure 5. In addition to the
program calculated output data, the input data in Table 2 is
also listed. This procedure provides a complete record of
the computer run, including both input and output data. Also
? cvided with the output listing is a set of punched cards for
use as input into program GGEAR/HCR (R-75).
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TREGOLD 'S APPROXIMATION

DATA INPUT SHEET Page 1 of

GEAR TOOTH MESH EXCITATION AND COMPLIANCE PROGRAM

_ ___SY4BOLI CASE II CASE 27 ASE 3 ICASE 4
EACH CASE MUST BE PRECEEDED BY A

_ _ _ E _TITLE CD STAR Ti E INCC2
OUTPUT SELECTION

0 END EXECUTION
1 TREGOLD ONLY 3 R-.67 (GOEAR)
2 R-33 (GEARO) 4 R-75 (GGEAR/HCR)

- DRIVING TNI . _NO OF TEETH DRIVEN TN2

P DRIVING PCAIPITCH CONE ANGLE DRIVEN PCA2

SPIRAL OR HELIX ANGLE () SA
-DRIVING PWlI ___ ___ ___

FACE WIDTH (IN) _ DRIVEN FW2

DIAMETRAL PITCH PD

OUTSIDE BREAK DRIVING ADDENDUM RO I
RADIUS (IN) (+) DRIVEN (IN) (- R 02
ROOT RADI US DRIVING DEDENDUM RRI
(IN) (+) DRIVEN (IN) (-) _ _2

CIRCULAR PERCENT TO
'1 ' O T H I D R I V I N G D R V N G - T iO

TODRVIN DRVE '

STHIC•1NESS VEN BACKLASH (+) T2

PRESSURE ANGLE (0) PA 4

CALCULATION POINTS F1

TOOTH SPACE ERROR (IN) DRIVING TSEI
DRIVEN TSE2

INTERNAL (0) OR EXTERNAL (1) * MN

NO. OF FOURIER TERMJS MMM

TORQUE (IN-LB) - DRIVING TORK

RPM - DRIVING WS

PLOT (0 = NO, I = YES) IPLT

DEVIATION FROM STANDARD DEV
CENTER DISTANCE (IN) D __

DEVIATION AND COMPLIANCE METHOD NZJ

NOTES: * For helical gears - input operating normal values.

•* Program will not work if internal gear is driving.

Separate numbers by 2 spaces.

Figure 4. Data Input Sheet for Tregold's Approximation,
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- If NZJ= 0, 4, or 5

INSERT CARDS FOR TOOTH DRIVING UJI
PROFILE DEVIATIONS (IN) DRIVEN UJ2

(Format 6E13.5)

--- If NZJ = 0 or 3

INSERT CARDS FOR TOOTH DRIVING ZJi.
o COMPLIANCE (IN) DRIVEN ZJ2

• (Format 6E13.5)

If TORK <0

INSERT CARDS FOR VARIABLE
TORQUE (IN-LB)

4 (Format 6E13.5)

If NZJ = 1 or 4

INSERT CARDS FOR TOOTH PROFILE DRIVING
DEVIATION O" 4 POINTS AtONG DRIVEN

• PROFILE (OD, l-P, L&, %11P)

(Format '""2; ".

If
IMATERIAL MODULUS OF ELASTIO!T` - DRIVING YE (1)
PRCPEF'.lES POISSONS RATIO - DRI';ING POS(i)

U MODULUS OF 'LAcjTICITY - DRIVEN YE(2)
POISSON,, RATIO -- DRI"['WPI POS(2)

Figur'e 4. c:!Atinued.
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I

TREGOLD APPROXIMATION FOR EQUIVALENT SPUR GEARS

SPIRAL NFVVEL GFAR DESIGN DATA GEAR NO. I

NUMBER OF TI:ETH - SPIRAL REVEL 29.000000
PITCH CONE ANGLE - SPIRAL BEVEL 31.649970 DLGREES

PIRAL AN(,LE OF-SPIRAL REVEL 24.999980 DEGREES
FACE WIDTH OF SPIRAL FEVLL 2.188000 INCH
PITCH RADIUS OF SPIRAL PEVIL 5.775059 INCH

EAN PITCH RADIUS OF SPIRAL REVEL 3.201014 INCH
RATIO OF RADII OF SPIRAL BEVEL 0.847937 INCH
ADDENDUM OF nPIRAL BEVEL AT LARGE END 0.297000 INCH
GEDFNDUM OF SPIRAL BEVEL AT LARGE END 0.195000 INCH
WORKING DEPTH OF SPIRAL BEVEL AT LARGE ENO 0.443000 INCH
CIR.TOOTH THICH[NESS-SPIRAL REVEL-LARGE END 0.506000 INCH
MEAN CIR.TOOTH THICKNESS-SPIRAL BEVEL 0.388858 INCH

ErUIVALE11T HELICAL GEAR flEAR NO. 1

EQOUIVALENT NUMPER OF TEETH - HELICAL 34.066570
EoUIVi-LET -FACE WIDTH -' HELICAL 2.188000 INCH
EQUIVALENT PITCH RADIUS - HELICAL 3.760261 INCH
FQUIVALENT AUDEH'CUUR - hELICAL 0.251837 INCH
EQUIVALENT OUTER PADIUS - HELICAL 4.012097 INCH
EOUIVALENT D•rENDUM - HELICAL 0.165348 INCH
EOUIVALENT ROCT RADIUS - HELICAL 3.594913 INCH
[OUIVALENT WORKING DEPTH -HELICAL 0.375636 INCH
EDUIVALFNT T.I.F. RADIUS - HELICAL 3.636460 INCH
EGUIVALENT CIPCHJLAR TO.OTH THICKNESS-HELICAL 0.386858 INCH
EOUIVALENT RADIAL CLEARANCE-HELICAL 0.041548 INCH
EQUIVALENT TOOTH FILLET RADIUS-HELICAL 0.031161 INCH

-EGUIVAlN-T-sPU GEAR SEAR NO. 1

-"OI~V•LC T J'_;ER OF TEETH - SPUR 45.761130
ErUIVALENT FACE WIDTH - SPUR 2.414182 INCH
FOUIVALE1JT GITCH RAPITU - SPUR A.577871 INCH

"E(v0UALE[NT iUINODUM - SPUR 0.251837 INCH
EOQIVALE, fT CUTLP RADIUS - SPUR 4.829708 INCH
EOUIVALE'r" '[![t'rcUY SPU, 0.16530A 1NCH
FQTUIVfiLEUJI FOOT R~ADIUS - SPUR It.412523 INCH
CULIIVALEHPT WOFYVIG DEPTH - SPUR 0.375636 INCH
EQUIVALENT T.I.F. RADIUS - SPUR _4.54071 INCH
EOUIVjALFT CIFCILAIDTOOTH THICKNESS-SPUR 0.386858 INCH
EQU!VALE',T TA',ItL CLEARANCE-SPUR 0.04154A INCH
_QUIV6LHP!T TOCTH F ILLfT RADIU._-SPUR 0.051161 1N. ..

4

Figure 5. Sample Output from Tregold's Input Generator;
Punched Output Prov:ided fox GGEAR,/HCV, (R-755).
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TREGOLD APPROXIMATION FOR EQUIVALENT SPUR GLARS

SPIRAL FEVEL GEAR DESIGN DATA GEAR NO. 2

rjutE-p OF TEETH - SPIRAL REVEL 51.000000
-PITCH CONE ANGLE - SPIRAL BrVEL 67.349960 DEGREES

-PIRht A GLE-F -fl5 [--P-VFL 24.999960 DEGRIES
FACE WIDTH OF SFIRAL REVEL 2.IRR000 IhCH
"'ITCH RADIUS OF SPIRAL PFVEL 6.638F96 1, hCH"----F•]NR1 Ttp h-ryI ITh--Ir--rP-frr8 'EVEL 5",629280 i1CNI

RATIO OF RADII CF SPIRAL BEVEL 0.847924 INCH
ADDENDUM OF SPIFAL REVEL AT LARGE ENO 0.146000 INCH

WORKING DEPTH OF SPIRAL RFVEL AT LARGF END 0.443000 INCH
CIR.TOOTH THICKP'ESS-SPIRAL BEVEL-LARGE END 0.312000 I NCH

-- gA- CIR-.;TO(TT1'-TWICKNESS-SPIRAL BEVEL 1 ,39767 INCH

EGUIVALENT HELICAL GEAR GEAR NO. 2

E6UIVALENT NUMPER OF TEETH - HELICAL 132.426!00
EOLIVALENT FACE WIDTH - HELICAL 2°.1 8000 INC"
EOUIV*ALENT PITCH RADIUS - HELICAL 14.616960 INCH
EQUIVALENT ADDENDUM - HFLICAL 0U.23791 INLH
-EOUIVALENT- CIER RADIUS - HELICAL 14.740760 INCH
ECUIVALENT AEDENDUM - HELICAL 0.293382 INCH
EQUIVALENT ROOT RADIUS - HELICAL 14o3235,. .]oN'CH

"---r6-ol-VALtN !iiNG DEPTH - HELICAL 0.375630 INCH
EGUIVALENT T.I.F. RAnIUS - HELICAL 14.65130 pC.fH
EQUIVALENT CIPC'LAR TOOTH THICKNESS-HELICAL 0*239767 INCH
EQUlVALENT H4DIAL CLEARANCE-IIELICAL 0.041549 INCH
EOUIVALENT TOOTH FILLFT RADIUS-HELICAL 06031162 INCH

EQUIVALENT SPUF GEAR GEAR NO,. 2

COUIVALEkT NUI1.4[R OF TEETH- SPUR 177.Re6400
EQUIVALENT FACE WIDTH - SPUR 2.4141R2 INCH
'OUIVAtrNT PITCH RADIUS - SPUR 17.795190 INCH
E-OIV-ALENT ADDENDUM - SPUR 0.123797 INCH
EQUIVALENT OUTER RADIUS - SPUR 17.918990 INCH
EOUIVALENT rED.kDUM - SPUR .... ..__0.293382 INCH__
EGUIVtLENT PCGT RADIUS - SPUR 17.501800 INC6
EGUIVALCNT WOPRINr PrTH - SPUR 0.75-630 INCH
ErUIVAALE NT T.I.F. RAQDIUS - SPUR 17.543350 INCH

_E EQUIVALENT CIRCULAR TOOTH THICKNESS-SPUR 0.239767 INCH
EQUIVALENT vAPIAL CLEARANCE-SPUR 0.041550 INCH
EQUIVALENT TOOTP'_ FILLET RADIUS-SPUP 0.031162 INCH

Figure 5. Continued.
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- ~~~~~~~~~III( FOLLOWING I S THEC PUI.CIIEO INPU7 FlIP A-?!, GGEAWHCO _________ _____

CH-OC ORARDAI9.NSPIRAL NEWEL MtSII

LARD0 PWAIIER 2

- -- kJT iN- AR-mm IPLI IFOUR - ISPEiT huLAE

C AR l -R -R2f OA

AN IPF RC IAP ]PROP ICENI Ri Il~.2 AGi.-
0A1A0 2

F NI FN2 CIPIT PANG Ro RS 02 OR R12
11.III0 I7.hbfiMoO a _.'9bRARL 22.¶.SODOD q.fi?v7OA 1 7.9IA8990

CARD NOMIERq

R.412,23 17.50IPOO 12.000,10 O.548458

CARD ?HRIRAC 5

12 Fl API OF?
0.259701 2.4141112 0.051161 0.031162

CARDS NIPHER AC

NIS

G ....IOA OI Oý 0 .4o" * 'o Aý A.3OMAOO .A, 0,5IO 00 .33OMDOF A1N05 0. 5"AOEA

o.5'I:rlct 115 , .3O040E 01 0.3000EOC A 0.304DOO 05 0.30400C 05 A.001001 05

Figure 5. Continued.
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TREGOLED APPROXIM1ATION FOR EQUIVALENT SPUR GEARS

EQUIVALENT SPUR GEAR GEAR NO

EQUIVALENT NUMLbER OF TEETH - SPUR 28-000000
EQUIV!L`ENt f'ACEWIDTH - SPUR 1.770000 INCH_
EQUIVALENT FITCIJ RADIUS - SPUR 2.799999 INCH
EQUIVALENT Ar)DENUIJH - SPUR ________0%200000 INCH

fLf~iNi CUtJE RAbIUS - SPUR 239~99999 C
EQUIVALENT DIDENDUM - SPUR 0.232500 1 NCHs
EQUIVALENT ROOT 9ADIU1, - SPUR 2*567499 INCH
EQUIVALENT WORKING DEPTH -SPUR .0.399000 INCH
EQUIVALrN7 T.I.F. PADIUS -SPUR 2of, 00999 INCH

___EQUIVALENT CIRCUILAR TOOTH THICKNESS-SPUR 0.214500 IC
EfQR vi i fENt RADIA lCLEARA'NCE -SPUR 0.033500 INCH
EQUIVALENT TriOTH FILLET RADIUS-SPUR 0.025125 INCH

ii

JI

Figu.:e 5. Continued.
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TREGLD FFIPXIMTIO FOREQUVALNT SUR EAR

TELD FPorAONFREQUIVALENT SPUR GEARS GEAR__NO._2

$ýOUIVtLENT fUu'AfP OF TEETH - "PUR ________39-000000

-E1?)JifV L.U tI h f -i iT6 i--ZTUR A _500 -- INKC Hý
CQUIVALENT PITCH RADIUS - SPUR 3.900000 INCH
C0G1VAL.ENT ADliPO SPUit 0.199000 INCHA

EOUIVALENT r[OLNCUM - SPUR 0.:217 00 0 INhCH
EQUIVALENT PDOT_ RADIUS - SPUR. ____ 3.683000 IN CH_

EQIVLET ~r<lG EPH- SPUR 0.399000 INCH
COIUIVALENT T.I.C. RADIUS - SPUR 3.699999 INCH
EQUIVALENT CIRCU!LAR TOOTH IHICKNESS-SPUR 00345fl0 _NCH
EOU1-vjLFN PAbi AL CFLEARANCE -SPUR o .0o 999 I NC H
EOUIVALENT TOOlTH FILLET RADIUS-SPUR 0.012749 1 NCH

Figure 5. Continued.
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CZIC 10011000 OISF LOWlE I Pl.APO fTA AY SUII/PLAN.( T 0(1

1 0it0 0 1

CARP) 1.0000 -A

V0 PEOC IRE I PROP ICEOT "Ij 1010 ______

FNI I F12 3P I T PANG1 R01 002 OR 1112
Ž0.f0ooonn S9.0100001 5.00000o1 25.000011 71.9 199i ~_____ __

COAL) NUMPCO 4

3..I .&A307010 12.010000 0.2745000

0.145000 1.7700001 1.550000 0.025,125 0.012794

I L 011P 1 11
_9ý 4_ 0.06E30% 0.1151100 , ___________________________

05 .130.105O.33.5 0 I1336.5f 01 .1336511 Is 0.1331.A( 0,5
".1'"0i 05 .30 50IAS 5011010 .00. 5 U6

0
0

0.j3ISL03 .13351105 .10631105 .1063( 05 .133565 05 0.13365C 05
0.5'5 66 5.335 1 0. 1, 3 5,'5" 05. 0.1.01051 05 0.1336.5L 05 0.13.165[ 05

.133fS 05 _______ _____________

C A .P4-ý

Figure 5. Continued.
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II
MESH DYNAMICS FOR HIGH-CONTACT-RATIO SPUR GEARS (R-75)

PROGRAM DESCRIPTION

A method has been developed for predicting the level and
character of gear-mesh-induced vibrations in high-contact-

* 'ratio spur gears. The vibration amplitude is calculated with
- -consideration of load sharing among pairs of engaging gear

teeth. In addition to tooth compliance, which varies along
the length of the tooth, tooth profile error and tooth spacing
error are also included in the load sharing computation. The
spectrum of the vibration is obtained by performing a Fourier
analysis of the calculated mesh-induced profile of deviation
from uniform rotation. The frequency spectra of gear-mesh-
induced vibrations and the load sharing characteristics of a
set of high-contact-ratio spur gears were calculated, and the
results are discussed. This method of analysis is useful for
designing low-vibration gears by properly controlling relevant
gear parameters.

The meshing of gears introduces vibration because of the non-
uniform deflection resulting from varying tooth compliance
along the length of the tooth, errors in manufacturing, flex-
ibility and accuracy of mountings, and varying tooth load
through sharing during the course of meshing. This nonuniform
deflection or displacement deviation introduces irregular
motion, superimposed on the uniform rotation of gears, which
becomes one of the major sources of vibration in a drive system.
This irregularity of motion was recognized in the mid 1960's,
and was analyzed as the initial step (Reference 2) in the
development of an approach to the reduction of gear noise.
Later efforts confirmed the precise source of the noise and
recognized it as a mechanical vibration problem (References 1,
8, 9, 10, and 11). The validity of the entire concept and ap-
proach was experimentally verified as reported in Reference 12.

8. Badgley, R. H., MECHANICAL ASPECTS OF GEAR-INDUCED NOISE
IN COMPLETE POWER TRAIN SYSTEMS, ASME Paper No. 70-WA/
DGP-1, Presented at the ASME Winter Annual Meeting, New
York, December 1970.

9. Badgley, R. H., GEARBOX DYNAMICS -- THE KEY TO UNDERSTAND-
"ING AND REDUCING ACOUSTIC-FREQUENCY ENERGY IN GEARED POWER
TRAINS, Presented at the Meeting of the Aerospace Gearing
Committee of the American Gear Manufacturers Association,
Cleveland, Ohio, January 17-18, 1972.

10. Badgley, R. H., and Chiang, T., INVESTIGATION OF GEARBOX
DESIGN MODIFICATIONS FOR REDUCING HELICOPTER GEARBOX NOISE,
Mechanical Technology Incorporated, USAAMRDL Technical
Report 72-6, U. S. Army Mobility Research and Development
Laboratory, Fort Eustis, Virginia, March 1972, AD742735.
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More recent efforts have incorporated this new approach into

the design and redesign of gearbox components (References 4

and 13). Simultaneously, additional techniques have been
added (References 7 and 14) to the mesh vibration analysis to
treat various mesh irregularities. In this work a method of
computing the gear-induced vibration and the associated fre-
quency spectrum for high-contact-ratio spur gears is developed.
The range of contact ratio under consideration is between 1
and 3; thus, there are up to four pairs of teeth in contact
simultaneously for the spur gears being investigated. The
method of load sharing calculation and the computation of
mesh displacement deviation due to tooth bending, shear

deflection, contact surface deformation, support flexibility,
and tooth profile errors for high-contact-ratio spur gears are
presented. These methods are generalized from those of
Reference 7 which is limited to spur gears with contact ratio
between one and two.

The limitations and assumptions in the calculations are:

1. Two cases of spur gears are treated: an external gear
driving an external gear, and an external ,ear driving an
internal gear.

2. The working portions of the tooth profiles are ezocntially
involute. Design and manufacturing profile deviations are
small enough not to affect load location, load direction,
or tooth stiffness.

11. Badgley, R. H., REDUCTION OF AOISE AND ACOUSTIC-FREQUENCY
VIBRATIONS IN AIRCRAFT TRANSMISSIONS, AHS Paper No. 661,
Presented at the 28th Annual National Forum of the Ameri-
can Helicopter Society of Washington, D.C., May 1972.

12. Badgley, R. H., and Hartman, R. M., GEARBOX NOISE REDUC-
TION: PREDICTION AND MEASUREMENT OF MESH-FREQUENCY
VIBRATIONS WITHIN AN OPERATING HELICOPTER ROTOR-DRIVE
GEARBOX, ASME Paper No. 73-DET-31, Presented at the ASME
Design Engineering Technical Conference, Cincinnati, Ohio,
September 9-12, 1973.

"13. Chiang, T., and Badgley, R. H., REDUCTION OF VIBRATION AND
NOISE GENERATED BY PLANETARY RING GEARS IN HELICOPTER
AIRCRAFT TRANSMISSIONS, ASME Paper No. 72-PTG-lI, Presented
at ASME Mechanisms Conference and International Symposium
on Gearing and Transmissions, San Francisco, California,
October 8-12, 1972.

14. Gu, A. L., and Badgley, R. H., PREDICTION OF VIBRATTON
SIDEBANDS IN GEAR MESHES, ASME Paper 74-DET-95, Presented
at the Design Engineering Technical Conference, New York,
New York, October 5-9, 1974.
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3. There is no tip interference, either due to excessive

addendum length or to tooth deflection under load.

4. In any single interval between the pitch points of two
successive pairs of teeth, contact and load sharing are
limited to a maximum of four consecutive pairs of teeth.
In the same interval, there must at all times be at least

- -one pair of teeth in contact and carrying load. Thus, the
contact ratio of the gears is limited to between one and
four.

5. The load is assumed to be transmitted uniformly across the
face of the gear, except for normal end effects in stress
distribution. This excludes any consideration of face
crowning, lead modification, lead manufacturing error,
gear windup, or nonuniform deflection of gear supports.

6. All variations in tooth deflection as the load point moves
along the tooth profile are either confined to elastic
effects on the tooth alone or are supplied as point-by-
point compliances in the input data. This means that
variations such as might result from the deflection of
the thin rims are not calculated by the analysis.

7. Any lubricant film separating the mating teeth is assumed
to have a constant thickness independent of the magnitude
or the location of the transmitted load. The contact
deformation is assumed to be independent of the lubri-
cating film.

In the calculation of load sharing among tooth pairs in
contact and the tooth deflection during a mesh cycle, tooth
compliance is first computed point-by-point along the tooth
profile for both the driving and driven gears. The basic
kinematics of an involute spur gear mesh for high-contact-ratio
spur gears is described below. Although external involute
spur gears are used in the example, the case of an external
gear driving an internal gear may be treated similarly. In
Figure 6 , 0 is the gear center, 0 p the pressure angle, Rp
the pitch radius, Rb the base radius, and Ro the outside
radius. Subscript "l" stands for the driving gear and "2" for
the driven gear. Segment bib 2 is the arc of action, which is

*, the course of the contact point during mesh. Tooth contact
begins at b , where the tip of the driven tooth first touches
the flank oi the driving tooth, and the mesh cycle ends at b ,
where the tip of the driv.ng tooth last contacts the flank 2
of the driven tooth. Figure 6 shows the contact occurring at
the pitch point A. In Figure 7, X is an arbitrary contact point
lying on the arc of action b 1 b 2 . V1 and V2 are the instanta-
neous velocities of the contact points on the two meshing
teeth. The contact tangent plane is always perpendicular to
the arc of action. P and Pt are the normal load and tangential
load, respectively, shared by the pair of contacting teeth.
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The base pitch p is the tooth-to-tooth distance between
meshing pairs along the line of action. The mesh geometryanalysis is limited to cases where

1 < m blb2 < 3 , and m is the contact ratio.P Pb P
During one mesh cycle each of the two teeth in a meshing pair
rotates an angle of 27(/Ni, where Ni is the number of teeth
"for the driving gear (i = 1) or the driven gear (i = 2). For
the purposes of computational convenience, the angle is
divide; into Nj equal intervals. These intervals form a scale
which may be associated with the point of contact which moves
along the involute profile as the gear rotates. Starting from
a zero position when contact is at the pitch point, the
successive values of J identify the intervals of rotation as

o(Jl = 1  2' (1)
NINJ

J2 2 2- (2)
N2J

J is defined to be positive as contact moves outward on the
involute and negative as it moves inward. Figure 8 shows a
pitch-point contact of a pair of engaging teeth of two external
involute spur gears, where RM is the root circle radius and RT
defines the manufactured starting point of the involute
profile. According to Equations (1) and (2), '''Jl = J2 =0
fcr the tooth pair.

Oil

oh

K "Rb,
A /.

(LAST POINT b ~-~b, (FIRST POINT
OF CONTACT) - OF CONTACT)

Rb2 R 2'
28

R02

i02
Figure 6. Involute Gears.
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Pt

VA CI

022

\TANGENT PLANE

Figure 7. Tooth Mesh Kinematics.
C i •DRIVEN GEAR

I -z

RaI

DRIVING GEAR

Figure 8. External Involute Spur Gears.
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To check for engagement between the teeth of one meshing pair
at any rotational position, the particular value of oC.jl or O(J2
is compared to the angles of approach and recess, 64Ai andC( Ri
respectively, which limit the range of engagement (see Figure
8 ). Enqaqement is possible only when

0< (3)
,l - ý A1

and

I<R2 O- ° 2 2: >- A2 (

It is noted that O<A1 < 0, since a rotation backward from the
pitch-point contact is required. The angles of approach and
recess may be expressed as follows (Reference 2):

N 2
'AI NI [ P22 -tan P (5)

Rtan (6)

A2 N- f - tan (7)

'R2 V P (8)

where

01_ (9)
Pol Rbl

R2
2 h(10)

1)2

When more than one pair of teeth are engaged in mesh instanta-
neously, the points of contact on the successive meshinq teeth
from the same gear have a fixed relationship as shown in
Figure 9.
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Rb DRIVEN GEAR:b2

DRIVING GEAR R IETO

Figure 9. Three Successive Pairs of Teeth in Nesh.
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~(0

" + + (..r(o), (12)

('J21) + 2J2 J2 (12)

where superscript. (j) stands for jth p&ir. For high-contact-
ratio spur years in general, the above relationship may be
geneva, ized to

+ 1) 2T7~J' I J1
lM l) +I C + ) 27-. (14)J2 J2,. N2. .,

The r].vision of transferred tooth load among the tooch pairs,
that ate simiultaneously in contact was deteriniiead from a
consideratioi of gear tooth compliances and the relevant nanu-
fact,2ring eriors for the contact points. Letting the meshing
pairs be denoted by superscript (j) and (j) = (j-), (j+),...,
(-1) , (0) , (1.) .... (j+ -i1 , and (j+) successively, the

total number of pairs of teeth in mesh instantareously JLs
( 1-1 - ,+ + 1). It is noted that j_ < 0, and j+ > 0. Using
0)th and (1)th pair of gears as representative, a sch3matic

diagram of displanement deviation and load sharing relationships
is shown in Figure 10. The gear teeth are represented as
slender, sprin5-like iiembers with deflectinn7i (B) caused by
their .cespective lov.ds. Profile errors (Z) at the points of
contact are shown as buttons interact.i.ng with the deflections
_f the spring-teeth. Tooth spacing errors iV) are pictured
as offsets in the projections of the bases of the spring-teeth.
The deviation (V, T) in tne position of the driven gear rela-
tive to the driv2ng gear of the- (O)th pair, which resuPl's
from the combination of deflections and errors, is shown by
the offset between the bcse of the (0)th pair's spring-tocth
on the driving gear and the base of the meshing 9pring-tooth
on the driven g"4ar. The profile errors, the tooth spacing
errors, and the position deviatiunc are all measured along
the line of action (normal to the tooth surface). To separate
the effects of profile error and tooth spacing, the former
is defined as zero at the pitch point annd the latter is
measured between pitch points of successive teith. To be
consistent with the requiremert of direchtoi, along thu line
of action, the tooth spacing error as measured be:tween pilch
points must be mvltipl.ied by the factor con Op. (Z) is
positive if material is added to the true involhte: and
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TOOTH DEFVECT!ONS'
sit Bj2i, 811 .2

TOOTH PROFILE ERRORS.

ZIO , ZJ, i, J2I('J
-,J//-- ~ TOOTH SPACING ERRORS:

DRIVEN All v' IVP2
GEAR NJ

•'l)2 . POSITION DEVIATION:

8J2 VNJ

VI H - (VP2)

8(0)
'JI

z,} " DRIVING
ilj GEAR6(0)
42

Figure 10. Schematic Diagram of Displacement Deviation
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negative if material is subtracted; (V) is positive if the
tooth spacing is smaller than the desired spacing.

The chain of displacements shown in Figure 10 yields the
following equations:

_V • (0) + B(o) z (0) z(0) (15)
-vNJ Ji J2 ( 152

"-VNJ + VP1 - V?2  +l .72 J- J2

For simplification, define

z~ 4 (j) Z- O

and express deflections in terms of loads and elastic compliances
of tooth as follows:

Q(j) Q Jp + QJW + UJ(j) (18)
q (J2 12

where

B(J) + ) W(j) (jJ) 19)J1 J2 NJ

z ~ ~ j ,M {• j
In the above, 0,' and Q72  are, respectively, the tooth compli-
ance at the Jth calculation point of the tooth profile of the

driving and driven gears. U(12 represents any additional
combined tooth support compliance of the tooth pair.

Substituting Equations (17) and (18) into (15) and (16),

q(o) W (0) + V Z(O) (20)

J NJ NJ

Q(l) w•O) + VNJ +Vp 1 .VF 2  (21)
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From the above derivation and the deflection and load sharing
diagram shown in Figure 10, Equations (20) and (21) may be
generalized to apply to the mesh system whEre there are

Alj + j+ + 1) pairs of teeth that conta.-: instantaneously:

! NJ N J + + (V 1 - VP2 ) 0 (22)

for j_ 4 j j+

The sum of the transferred loads is equal to the total normal
tooth load,

W ,J (23)wNJN

j= j

The system of Equations (22) and (23) consists of( IjI + j+ + 2)

linear equations in WO) and VNJ. It may be solved by standard

method of matrix inversion to obtain the transferred load

distribution W~j) and the normal displacement deviationV.
"If W(j-) is found to be lees than zero, it means that the

NJ
(j-)th pair is no longer in contact. Consequently, w(J-)

NJ
should be set equal to zero and a new j- that equals the old

j- plus 1 should be used. Similarly, if W(j+) is found to beNJ

less than zero, W(j+) should be set zero and a new j+ that
NJ

equals the old j+ minas 1 should be used.

The pitch line deviation Vj is related to the normal deviation

VNJ by

V Ni
~ = Cos (24)JP

Vj is computed and recorded from one calculation point to the

next point by varying J from 0 to Nj. The total, interval

corz'esponds to one mesh cycle, arid all teeth rotate an angle

of At J = 0, the (0)th pair may be set at the pitch-

Foint position and thus O0. At any intermediate
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J, 1(O) and C(0) are calculated from Equations (1) and (2).
'Jl J2

The rotational positions of other engaging teeth may be

obtained from Equations (13) and (14), and the engagement

condition given in Equations (3) and (4) may be examined. At

J = Nj the (1)st pair of teeth moves to the pitch-point posi-

tion and a new mesh cycle begins. The frequency spectrum of

the gear-mesh-induced vibration is then obtained by a Fourier

analysis of the tooth displacement deviations.

In the computation of mesh excitation expressed in terms of

deviation from true conjugate action, tooth deflection due to

elastic compliance as well as tooth profile error and tooth

spacing error are considered. The consideration of the combined

tooth compliance Q) is similar to that given in Reference 2.•12

The combined compliance is the sum of the compliances of the

two contacting teeth,

Q( 2 - n + J2 (25)J12 ii •J2

where the subscript J stands for the Jth calculation point

along the involute profile, and subscripts 1 and 2 represent

the driving and driven gears respectively. Superscript (j)

indicates the jth contacting pair of teeth.
The computation of Q()and NJ

T m0 j2 are similar; thus, only the
0j)compliance of the driving gear, Q will be considered.

The effective deflection at the contact point (load point) in
the direction of the applied normal load is the quantity of
interest. The total value of this deflection will be derived
from the summation of four individual contributors, each
formed by applying a simple deflection analysis. These four
deflections are:

l. Displacement due to bending of the tooth as a cantilevered

'beam, (BM a The gear tooth is treated as a sequence

of transverse segments, each of uniform rectangular
cross-section. The depth of the uniform section is taken
as the average of the depths at both ends of the segment.
Figure 11 shows an external gear tooth with one such
segment. Each segment will be identified by a K value
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associated with its outer section, and the K value
increases as the section moves out toward the tip of the
tooth. The selection of the location of each K section
may be made to correspond to the location of each of the
Nj calculation points, as long as the Nj points are
sufficiently close to each other. In Figure 11, J repre-

U- sents the point at which the load is applied. The angleW j gives the direction of this load relative to the tooth
centerline. The analysis which follows traces the
contribution of each K segment to the displacement at the
point J, which itself remains fixed. As the mating gear
rotates, J moves into successive positions, and the
deflection calculations must be repeated for each new
position.

The moment of inertia of the rectangular cross-sectional
area at K may be expressed in terms of the Y-coordinate
and the tooth face width F.

2FY 
3

I 3 2'Y3K (26)
K 12 (2YK) 3

At the K-I cross-section, which is the other end of the
K segment,

2Y3
K-12FL (27)

For the assumed uniform cross-section of the segment
between K and K-1, the mean of the two moments of inertia
will be used.

I +
- K K-I (28)

K 2

In the same manner, the mean area for the two cross-
sections may be found:

AK - F( 2 YK) 2FYK (29)

A_ , 2FYK.I (30)

AK +AK- (31)

K 2
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The length of the K segment is

LK - XK - XKl (32)

The distance of the K segment, at its outer end, from the point
J of load application is similarly found:

SJK = xJ - XK (33)

In Figure 11, the normal load at J acting on the cantilevered
gear tooth is equivalent to a concentrated transverse load

equal to (j) Cos and a counterclockwise moment being
W(j) sin J o

NJ sin Y

In the bending of the tooth, each of these load conditions
causes a transverse displacement and a rotation of the tooth
centerline under the point of load application. These two
displacements will be evaluated for each of the two load
conditions and then combined.

The first case considered is that of a tooth segment subjected
to a transverse load applied some distance away, with the
rest of the gear tooth serving as a rigid support of a rigid
extension (Fiyure 12a).

From standard beam deflection theory, the transverse deflection
at the load is

W(J) Cos *j LK
(4)a NJ K(L2 + 3S + 3S ) (34)
BYlK al 2 E( K i(L+ JK

The centerline rotation at the load is

• , I ( -a WO) cos 'rý LK
(YJ1 0)N (L K + 2S JK) (35)

JIKal 2 2E IK

In the above, EV is the effective bending modulus of elasticity
for gears whose face width is large compared to the tooth
thickness:
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E

EV E 2 (36)
1-V

where E is the Young's modulus of elasticity and )7 the Poisson's
ratio. If the gear tooth is narrow relative to its thickness,
the factor 1 should be eliminated.

The second case considered is that of the tooth segment sub-
jected to a moment load applied some distance away, with the
rest of the gear tooth serving as a rigid support or a rigid
extension (Figure 12b).

From the beam deflection theory, the transverse deflection at
the load is

_W(J) sin * Y LK

-,(j)" NJ i J K (L + 2S|YIK a2 =LK +SjK) (37)
2 E VI K

The centerline rotation at the load is

-w(J -,sin * Y L
( (J)" NJ J J K
"JIK'a2 (38)

The deflections for each tooth segment may be summed to yield

the total transverse deflection at the load (Bj))ai and

(4J))a2, and the centerline rotation at the load (y aj

and 1(Y (j))
Jl a2"

The displacement in the direction of the load (Figure 12) due
to a transverse deflection By and a centerline rotation Y j is

-By cos , j - Yj ,j sin (39)

BBj

By summing the deflections for all tooth segments and computing
the displacement due to the concentrated load and moment load
together, the total displacement of the tooth in the load
direction is
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r 2

(j)) NJ 2zs 2
7L L + SL + 3S)iJ 1 -.a EK 3 J& J

JK J

(40)

- cos sin J YJ )L K(LK + 2SJK)

2 2
+ sinl Y

which gives the total deflection from the bending of the
tooth loaded as a cantilevered beam.

2. Displacement due to the spear deformation of the tooth as
a cantilevered beam, (B' •)b. The shear deflection of the

tooth as a cantilevered beam is also c4Vped by the trans-
verse component of the applied load, W3Jcos \ This

NJ
deflection offsets the centerline without rotating any
transverse section. The deflection at the load point then
becomes the sum of the deflections for each of the tooth
segments defined previously.

The individual segment subjected to the shear load is
represented in Figure 13, with the rest of the gear tooth
appearing as a rigid support or a rigid extension.

From standard methods for beam shear deflection analysis,
the transverse deflection when the cross-section is
rectangular is

" NJ(41)
YIK b

0v(1)K =0 (42)

where G is the shear modulus of elasticity.

Summing the deflection for all segments from the base of
the tooth to the applied load point J,
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1.2W; Cos LK
0.(B D. - (43)IYI b G A

AK

) - 0 (44)

Ji b

To obtain the resulting displacement due to the shear
deformation of the tooth as a cantilevered beam in the
direction of the load, the factor cos Yj is multiplied
by (B(J))Y1 b"

.' 2w(j) 2
(B)) 1 NJ Cos IBG IA (45)

K

3. Displacement due to the rotation of the tooth in the
supporting structure at its base, (B(J))c. The moment

that causes this rotation is due to the @pplied load.
The transverse component of this load W(J cos will(j) NJ
create the moment WNJ cos (tJ. Sje, where S is the

distance from the load point to the base of the tooth.
The axial.pomponent, as noted previously, will create the
moment WN) sin

Figure 14 shows this loading and the resulting deflection
in simplified form.

The equation for the displacements at the load point from
Reference 15 is

1. 327W() (cos S sin Y
E•F = _ - I- j , (46)
EV YE F

.D4

1.327 (Co S sin jr Y"NJ 2 (47)

yE

15. O'Donnel, W. J., STRESS AND DEFLECTION IN BUILT-IN BEAMS,
ASME Paper No. 62-WA-16, 1962.
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The resulting displacement in the direction of the load
due to the rotation of the tooth in its supporting structure
is

1. 27W (cosC . S - sin•,j Y j(Los,• .S- sinr Y )(B B(j ) = . .. N J . ... ,

Jic EYFyE (48)

NJ27 (Cos ' S3 - 91 a

2EVY EF

4. Disflacement due to the contact or Hertzian deformation,
B(J ) This deformation is based on a semiempiricalJ12 d-

equation (Reference 16) developed for a contacting cylinder
in roller bearings,

U10-4 CE2.7 W0.9

B12  08 (49)
0.812

where

C "OO00Evl v2 (50)

CE =(E, Ev2)

This equation treats the general case where the materials
of the two mating surfaces may have different properties.
Subscripts 1 and 2 are used to refer to the two surfaces.
The deflection given by the equation is for the two
contracting surfaces combined; hence, the notation 12 is
used in the subscript. Since the face widths of the two
surfaces may be unequal, F1 2 refers to the effective face
width of the combi~nat;.jn. A suitable approximation of
this effective face width is the smaller of the two widths.

After the substitution of the equation for a compositemodulus of elasticity,

E\j2 - + = (51)
E 2 E EV2 2 (Eie 2)

16. Palmgren, David, BALL AND ROLLER BEARING ENGINEERING, 3rd

Edition, SKF Industries, Inc.
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into EquatLon (50), the result is combirxed with I3quation
(49) and this becomes

2.55 1O 9
B 0.9'8 52)

2 12

There is a major difference between the conditions applying
to a roller between bearing races and those applying to a
loaded gear tooth. Although in both cases contact is
between cylindrical surfacrs, the nature of the support of
the bodies witn these cylindrical rsurfaces is quite
different. The Lorce at one contacting surface on the
roller is opposed -oy an equal force located diametrally
opposite. As a result the entire roller is loaded with
the full compressive force, and the deflection given by
Equation (52). is the defleceion at the contact point and
throughout the roller. A gear tooth does not provide the
full cylindricc.l cross-section of the roller. Furthermore,
the applied load is not supporte•.d by a diametrally opposed
force but by the shear forces distributed across the base
of the tooth. The first item call, attention to a reduced
material cross-section available for deformation. The
second item points out tfiat, due to the side support, the
internal loading in the cross-section o! the tcoth is not
constant but reduces with increased distance from the
contact point. These differences make the contact
deflection in gear teeth significantly less than inficaced
by Equation (52), and the estimate used for this reduction
in deflection is 50 percent. This correction gives
calculated results which are still somewhat larger than
the experimental results to which they were compared.
However, the apparent excess in calculated contact deflec-
tion will be more than offset in many practical applications
by the increase in deflection resulting from slight errors
in the contacting surfaces.

By including the 50 percent correction, Equation (52) may
be rewritten to adapt more closely to the displacement due
to llertzian deformation of contacting gear teeth.

J12 9 (53)
0.9 0.8Ev 2  F12
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From the four displacement equations, (40), (45), (48), and
(53), the compliance may be computea from

Q(j) (54)

From Equations (40), (45) and (48),

Iq~j ~C F -s 2

v'K i LK(LK 2 3SKLK + 35JK (55)EV K

- cos sin *j , Yj 7L(LK + 2SJK)

+ Sir) 2 Y 2Y LKJ

1.2 cos2 Lj (5K
=~tJbGA (56)

AK

1.327(cos 2j • S - sin " )

))l a =2 jJ 6Y -(57)EV YE F

These three compliances contbined may be viewed as the total
beam compliance of the driving gear tooth of the jth pair

a ++ 1 j~ (58)

The total beam compliance of the driven gear, J2 may be-
similarly computed.

"The contact deformation compliance may be obtained by combining
Equations (53) and (54);

J12d E F1.2755)(jlj2) d - 0.9 F0. 8 OTJ)- 1 0(9)

vE12 12 NJ
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Equation (59) shows that the compliance is somewhat dependent
on the value of the applied load. Since the load appears to
the one-tenth power, there will. be little variation in
compliance over a reasonably wide range of load, and J(ý)NJ
may be replaced by an average value covering all conditions
of loading without appreciable error. A suitable average
value would be one-half the total load carried by the gear
teeth,

WO) .5 (60)NJ " " W

and then Equation (59) becomes

(,. (j) 1d].37 ( 1

j12 d 0.9 0.8 0.1 (61)E'I Fj2 WN

Because this relationship is independent of surface curvature,
it will apply for all load positions and for both the case of
two external gears and the case of one external and one
internal gear. The contact compliance requires the additional
input information of the total transmitted load VN and, in
this respect, differs from the other compliance components.

In summary, the total elastic ::ompliance of the jth pair mating
gear teeth may be found by applying Equations (55), (56), and
(57) for each of the gears, combining the results, and then
adding the contact compliance for the two gears in combination.

( + + iQ %)d (62)
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SAM4PLE GEAR MESH DYNAMICS CALCULATIONS

A set of high-contact-ratio spur gears, described in Table 3,
was studied using the analysis previously described. The
meshing error, tangential tooth load sharing, and frequency
spectrum of mesh induced vibration are shown in Figures 15, 16,
and 17 respectively. In each figure, there are three curves
representing gears with (a) perfect tooth profile without
spacing error, (b) the tooth profile modifications listed in
Table 4, but with no spacing error, and (c) tooth modification
and spacing errors of 0.000187 in. for the driving gear and
-0.000187 in. for the driven gear.

The tooth meshing error, or deviation from pure conjugate
action, as a pitch-line linear measurement of the motion of
the driving gear leading the driven gear is shown in Figure
1-5 as the solid curve. The mesh cycle is represented by
25 calculation points. in the initial period of the mesh
cycle there are three pairs of teeth in contact simultaneously.
The beginning of the mesh cycle corresponds to the pitch-
point contact of the middle pair. In the middle of the cycle
there are only two pairs in contact; therefore, the tooth
meshing error experiences a step change. Near the end of the
cycle a new pair of teeth engages in the mesh and the meshing
error drops accordingly. The end of the mesh cycle is again
a pitch-point contact.

The tangential load shared by a tooth during its meshing
engagement is represented by the solid curve given in Figure
16. A step change of the tangential load corresponds to the
point at which another pair of teeth comes in or goes out of
engagement. The pitch-point contact is identified in Figure
16. The mesh cycle over which the tooth meshing error is
presented in Figure 15 is indicated. The cycle begins when
the contact is at the pitch-point of the tooth, and ends when
the following tooth gets to the pitch-point contact position.

The frequency spectrum of the gear-mesh-induced vibration is
shown in Figure 17 and is identified by the case of Zj =
*V =0. In the figure, fM is the mesh frequency. It is seen
t at the spectrum is discrete and the amplitude decreases
with increasing frequency.
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'I
•I TABLE 3. GEAR DATA

DRIVING DRIVEN
GEAR GEAR

Number of Teeth 33 58

Diametral Pitch, I/in. 4.55 4.55

Pressure Angle, deg 21 21

Outer Diameter, in. 7.900 7.900

Root Diameter, in. 6.594 6.038

Circular Tooth Thickness 0.369 0.314
at Pitch Diameter, in.

Tooth Face Width, in. 0.5 0.5

Tooth Fillet Radius, in. 0.087 0.083

Center Distance, in. 10 10

Young's Modulus, lb/in. 2  3 x 107  3 x 107

Shear Modulus, lb/in. 2  1.15 x 107 1.15 x 107

Poisson's Ratio 0.3 0.3

Driving Torque, in.-lb 9831

TABLE 4. TOOTH PROFILE MODIFICATION

Driving Gear

Zj (in.) -0.00095 -0.00008 0 -0.00009 -0.00075
Roll Angle 34.43 28 21.99 18 9.57

(deg)
Driven Gear

Zj (in.) -0.00075 -0.0001 0 -0.0003 -0.00055
Roll Angle 29.06 24.56 21.99 16.65 14.91

(deg)
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Figure 17. Gear Vibration Frequency Spectra.

The gears with the tooth profile modification still have
three pairs of teeth in contact at the beginning and end
"of the mesh cycle and two pairs in the middle portion of
the cycle as seen from Figure 15 However, the transition
when a tooth pair comes in and out of engagement is smoother
with the profile modifications. The pitch-line tooth spac-
ing errors decrease the total time that a tooth shares the
tangential load relative to cases with perfect involute pro-
files. This is observed in Figure 16 'The effect of the
spacing errors on peak tooth load is small, although the
spacing errors modify the load sharing transition among en-
gaging tooth pairs.
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The frequency spectra of the vibration induced by gear mesh
for all cases are discrete as shown in Figure 17 - The
amplitude is non-zero only at integer multiples of the mesh
frequency. This is because all the teeth in each of the
meshing gears are assumed identical, and all other gear
parameters such as center distance and tangential tooth load
are assumed constant. The only characteristic frequency is
the mesh frequency. The spectrum of the vibration associat-
ed with the gear mesh thus contains signals at only the mesh
frequency and its higher harmonics. If the gear parameters
change or if the teeth in a gear are not identical the tooth
meshing error pattern will, in general, vary between mesh
cycles. The associated vibration will then contain signal
components at the so-called sideband frequencies, not being
the mesh frequency harmonics. This fact has been extensive-
ly discussed in Reference 14. Figure 17 shows that the
vibration amplitude in general decreases with increasing
frequency. The frequency spectra of the three cases shown
in Figure 17 have the largest amplitudes at the first

harmonic. The tooth profile modification appears to de-
crease the vibration signals at all harmonic frequencies,
although the mean tooth deflection is calculated to be larg-
er with the profile modification. The tooth spacing error
is seen to have the effect of raising the signals at all
crequencies. The amplitudes at some high harmonics are
even larger than those of the case with perfect tooth pro-
files and no spacing error.

SUMMARY

A method has been developed for predicting the level and
character of gear-mesh-induced vibrations in high-contact-
ratio spur gears. In the computation of vibration amplitude,
the load sharing among pairs of engaging gear teeth is cal-
culated by considering all modes of tooth compliance, as
well as any tooth profile modification and tooth spacing
error.

Mesh dynamics calculations have been performed for a set of
high-contact-ratio spur gears. It was found that the freq-
uency spectrum of the gear-mesh-induced vibration depends
strongly upon the tooth profile modification and the spacing
error. The profile modification can effectively change the
contact ratio of the gears by altering the maximum number of
tooth pairs in.contact simultaneously.

This analysis is useful for designing low-vibration gears by
properly controlling relevant gear parameters such as tooth
profile modifications. This approach may also be used to
control peak tooth loads.
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COMPUTER PROGRAM (R-75) INPUT FORMAT

The mesh dynamics analysis for high-contact-ratio spur gears
has been programmed in computer program GGEAR/HCR (R-75), and
a listing is provided in Appendix B. The limitations and
assumptions involved in the analysis were stated previously.
The user specifies a pair of geometrically compatible spur

S- gears and their operating conditions; the program computes the
load sharing among pairs of teeth, the stiffness of individual
tooth pairs, the tooth displacement deviation, and the fre-
quency spectrum of the associated vibration.

Figure 18 shows a sample,input, and following is a brief dis-
cussion of the input variables, format, and important instruc-
tions for setting up the input data required for program R-75.

Input Variables, Format, and Instructions

Card 1 Title, columns 2 through 72.

Card 2 Control numbers. Format (1615).

a. NMC Number of mesh cycles (last digit in column 5).

b. INT Specifies if this control card represents the last
complete set of input data being submitted.

If more sets of input data follow use 0.

If this is the last set use 1 (column 10).

c. MN Specifies the types of spur gears considered.

If both the driving and driven gears are external
gears use 1.

If the driving gear is an external gear and if the
driven gear is an internal (ring) gear use 0 (The
program will not run properly if the internal gear
is submitted as the driving gear.) (column 15).

d. MMM Number of initial terms of the Fourier analysis for
which coefficients will be printed, beyond the co-
efficient for the constant term. This number cannot
exceed (FI x NMC + NMC/2) where F1 is the input
variable submitted on Card 4 (last digit in column
20).

62

!,



3 BOEING VERTOL H-C-R SPUR GEAR TEST CASE 2
1 I 1 12 0 1 a
0 0 0 0 0 1 0

33i 58. 4.55 21. 3.950 6,672
3.297 6.o01 12. .3685
.3140 0.5 0C5 0.087 0.083
10# *.000187 -. 000187

1
9831. 9831. 9831. 9831. 9831, 9831.
9831. 9831. 9831, 9831. 9831, 9831.

9831. 9831* 9831, 9831. 9831. 0831.-983). •831. 9831. 9831. 9831. 9s31i-

9831.
-. 00095 -. 00008 -. 00009 -. :0075 27. is.
-. 00075 -.0061 -. 0003 "o@00655 24.56 '16.65

o0000000C00000000000000

Figure 18. Sample R-75 Input Deck.
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e. IPLT Specifies if the calculated tooth mesh error is to
be plotted.

If tooth meshing error is to be plotted use 1.

If plotting is to be bypassed use 0 (column 25).

f. IFOUR Specifies if a Fourier analysis of the tooth mesh

error is to be performed. i
If it is to be performed use 1.

If it is to be bypassed use 0 (column 30).

g. ISPECT Specifies if a power spectral density function
for the tooth mesh error is to be calculated.

If it is to be calculated use 1 and input NWS
and WS on Card 9.

if it is to be bypassed use 0 (column 30).

.4

h. IHICR Specifies if the pair of gears is high-contact-
ratio. *1

If the contact ratio of the gears is less than 2
use 0.

if the contact ratio is greater than 2 use 1.

Note that the contact ratio has to be less than 4
(column 35).

Card 2a Option Card. Format (1615)
a. IRM Specifies if tooth ,t:pth or root radius is input.

If IR14 = 0 omit Card 4a and root radius is input.

If IRM = 1 submit Card 4a and tooth depth is input
(column 5).
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b. IPERC Specifies if circular tooth thickness or a per-
centage quantity which allocates to drive and
driven gears the difference between the actual
circular pitch and the working backlash is input.

If this is 0 omit Card 5a and input the circular
tooth thickness.

If this is 1 submit Card 5a on which the backlash
and percent split to driving member are input
(column 10).

C. IRF Specifies if the fillet radius is input.

If it is 0 fillet radii RFl and RF2 are input.

It it is 1 RFI and RF2 are calculated based on
a circular fillet (column 15).

d. IPROP Specifies if the gear material properties are
input.

If it is 0 omit Card 6 and steel properties are
provided internally.

If it is 1 submit Card 6 for material properties
(column 20).

e. ICENT Specifies how center distance is input.

If it is 0 input center distance on Card 7 and
omit variable DEV on Card 7.

If it is 1 omit variable CL on Card 7 and input
DEV (deviation from standard center distance)
on Card 7.

"If it is 2, standard center distance is used and
omit variables CL and DEV on Card 7 (column 25).

f. NZJ Specifies how the tooth profile deviation and
tooth support compliance are to be input, accord-
ing.to the following table:
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If Submit _

NZJ U pt-by-pt On Card Z pt-by-pt On Card 4 Zvalues On Card

0 Yes 8a Yes 8b no

1 No No Yes 8d

2 No No No

3 No Yes 8b No * j
.I

4 Yes 8a No Yes 8d

5 Yes 8a No No __

In the Table U is the tooth support compliance ex-
plained in the description of Card Ba. If U is
not input (NZJ = 1, 2, or 3) a value of 0 is used
internally. Z is the deviation of points on the
actual tooth profile from a true involute. Z is
explained in the description of Cards 8b and 8d
(column 30).

g. IDIAG Specifies if diagnostic information is to be
printed.

If it is 0 no diagnostics are printed.

If it is 1 diagnostics are printed out (column 35). 1

Card 3 Gear Design Data Format (6E 13.5).

a. FNI Number of teeth, driving gear.
Use columns 1 through 13.

b. FN2 Number of teeth, driven gear.
Use columns 14 through 26.

c. DPIT Diametral pitch, 1/in. (columns 27 through 39).

d. PANG Cutting pressure angle, deg (columns 40 through 52).
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e. R01 Radius to the outside diameter of the driving
gear, in. This should be reduced by any radial
loss in working surface at the tip of the teeth
from rounding or chamfering
(columns 53 through 65)

f. R02 Radius to the outside diameter of the driven
or gear, if external, and to the inside diameter,
R12 if internal, in. This should be corrected for

any radial loss in working surface at the tip
of the teeth from tip rounding or chamfering.
in the case of an internal gear, this radius
must be equal to or greater than the base circle
radius. No check for this is provided
(columns 66 through 78)

Card 4 Gear design data, continued Format (6E 13.5)

a. RM1 Radius to the tooth circle of the driving gear,
in. If this radius is smaller that the computed
base circle radius the input value of root radius
is used at some points in the program and this is
noted in the output. If the root radius is
smaller than the base circle radius so that the
root fillet center lies inside the base circle,
the tooth outline between the base circle and
the fillet is assumed to be a radial line by
the program. Omit if IPM 7 0
(columns 1 thrcugh 13)

b. RM2 Radius to the root circle of the driven gear, in.
For the case of an external gear, the same
conmments as above apply. Omit if IRM # 0
(columns 14 through 26)

c. F1 Number which establishes the number of calcul-
ation points (Nj) where NJ = 1 4 2 (FI). The
calculation points may be viewed as selected
contact points on the true involute profile, ex-
tended where necessary. These contact points
with the mating involute area are associated
with specific angular positions of the gear
as it is rotated, where the angular positions
correspond to uniform subdivisions of the tooth
spacing angle. A greater number of these points
will give more closely spaced point-by-point out-
put data and more accurate calculations of tooth
deflections and Fourier coefficients. A value
of F1 = 12, giving 25 calculation points, has
been found to be convenient. (Maximum value
of FI = 12.) (Columns 27 through 39)
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d. T1 Circular tooth thickness at the pitch circle,driving gear, in. Omit if IPERC ;4 0

(columns 40 through 52).

Card 4a Gear Design Data, Continued Format (6E 13.5)

This card is needed only if IRM # 0.

a. HT1 Tooth depth, driving gear, in.
(columns 1 through 13).

b. HT2 Tooth depth, driven gear, in.
(columns 14 through 26).

Card 5 Gear Design Data, Continued Format (5E 13.5)

a. T2 Circular tooth thickness at the pitch circle,
driven gear, in. Omit if IPERC 4 0
(columns 1 through 13).

b. Fl Effective tooth face width, driving gear, in.
If the face widths of the mating gears are
similar, use the actual face width. If one
tooth is much wider than its mate use an effect-
ive face width which allows for the limited add-
itional support that the greater width provides
(columns 14 through 26).

c. F2 Effective tooth face width, driven gear, in.
The comments for Fl also apply here
(columns 27 through 39).

d. RFl Fillet radius, driving gear, in. Omit if IRF
/ 0
(columns 40 through 52).

e. RF2 Fillet radius, driven gear, in. Omit if IRF
0 (czolumns 53 through 65).

card 5a Tooth Thickness Parameter Format (6E 13.5)

This card is needed only if IPERC = 1.

BL Backlash (in.) (columns 1 through 13).

PTI Percent tooth thickness split to driving
meimber ( columns 14 through 26).

Card 6 Gear Design Data, Continued Format (6E 13.5)

This card is needed only if IPROP 1.
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If IPROP = 0, material is assumed to be steel.

a. YEI Young's modulus (in bending) driving gear,
lb/in 2 (columns 1 through 13).

b. YE2 Young's modulus (in bending) driven gear,
lb/in 2 (columns 14 through 26).

c. GEl Shear modulus, driving gear, lb/in 2 (columns 27
through 39).

d. GE2 Shear modulus, driven gear, lb/in 2 (columns 40
through 52).

e. P0S1 Poisson's ratio, driving gear (columns 53
through 65).

Since this ratio is used only in the allowance for

the "wide beam effect", it should be reduced for
cases where tooth face width is not much greater
than tooth thickness with a limiting value of zero
when the tooth width is smaller than the thickness
(columns 53 through 65).

f. P0S2 Poisson's ratio, driven gear. Comments for P0SI
also apply here (columns 66 through 78).

There are NMC sets of the following Card 7 and Card 8. Each
set supplies center distance, tooth spacing errors, tooth
profile errors, tooth support compliances and transmitted
torque for one mesh cycle.

Card 7 Center distance and tooth spacing error data.
Format (3E 13.5)

a. CL Center distance, in.

This is the actual center distance including any
spreading under load. Omit if ICENT 3 0 (columns
1 through 13).

b. VPT1 Tooth spacing error, driving gear, in. This error
"is based on the distance between the pitch points
of successive teeth, adjusted to the direction of
the line of action. This adjustment is accomplished
by multiplying the pitch line error by the cosine
of the pressure angle. The error is positive if
the measured spacing is smaller than the desired
spacing (columns 14 through 26).
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c. VPT2 Tooth spacing error, driven gear, in. The comments
under VPT1 also apply here (columns 27 through 39).

d. DEV Deviation from standard center distance. Omit if
ICENT 13. (columns 40 through 52).

The total number of Cards 8a, 8b, 8c and 8d depends on the
number of calculation points (NJ) (see Card 4). The total
number of points along the tooth profile (M) at which the
tooth profile deviation ZJ and the tooth support compliance UJ
must be specified is M = 2Nj. If IHICR = 0 unless it is a
high contact ratio mesh (IHICR = 1) in which case M = 4 Nj.
When the point-by-point option is used to input the values of
ZJ (Cards 8b-1 and 8b-2) and UJ (Cards 8a-l and 8a-2), the
specification of these values is described below. A value of
ZJ or UJ must be introduced even if there is no contact at
the particular calculation point or if the tooth profile does
not actually extend to the calculation point. A blank space
may be used for these points.

For the driving gear, the first value is for the calculation
point located (M/2-1) points preceding the pitch point (or
inside the pitch circle); the (M/2)th value is for the pitch
point; the last, or (M)th, value is for the cal-iilation
point located (M/2) points after the pitch point (or outside
the pitch circle). This last point may also be described as
the point of contact on one meshing tooth when the point of
contact on the next meshing tooth is the pitch point.

For an external driven gear, the first value is for the
calculation point located (M/2) points hefore the pitch point
(or inside the pitch circle); the (M/2 + l)th value is for
the pitch point; the last, or (M)th, value is for the calcu-
lation point located (M/2 - 1) points after the pitch point
(or outside the pitch circle). The first point may also be
described as the point of contact on one meshing tooth when
the point of contact on the previous meshing tooth is the
pitch point.

For an internal driven gear, the first value is for the
calculation point located (M/2) points following the pitch
point (or outside the pitch circle); the (M/2 + l)th value
"is for the pitch point; the last, or (M)th, value is for the
calculation point located (M/2 - 1) points before the pitch
point (or inside the pitch circle). The first point may
also be described as the point of contact on the meshing tooth
when the point of contact on the next meshing tooth is the
pitch point.

Card 8a-1 Tooth support compliance, driving gear. Format
(6E 13.5)
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This group of cards is needed only if NZJ = 0, 4 or 5.

UJi Tooth support compliance or any compliance supple-
mentary to the tooth compliance included in the
analysis for the driving gear, in/lb. This compli-
ance is the deflection normal to the profile under

,F unit load at the calculation point on the profile.
A uniform compliance for all calculation points,
such as would result from a uniform gear shaft
compliance, will not affect motion irregularities
or load transfer. It will, however, increase the
mean deviation in transmitted motion. There are M
values required.

Card 8a-2 Tooth support compliance, driven gear. Format

(6E 13.5)

This group of cards is needed only if NZJ = 0, 4 or 5.

UJ2 Tooth support compliance for the driven gear, in/lb.
The comments under UJI also apply here.

Card 8b-1 Tooth profile deviation data, driving gear. Format
* (6E 13.5)

This group of cards is needed only if NZJ = 0 or 3.

ZJi Deviation from a true involute, measured normal
to the profile, of the point on the actual tooth
profile of the driving gear, in. This true
involute is positioned relative to the actual
profile so that its deviation at the pitch point
is zero. Where the deviation represents material
added to the true involute, it is positive; where
it represents material subtracted, it is negative.
If the profile does not extend to a particular
calculation point or if the mating gear will not
contact at this point, the deviation may be input
as zero. There are M values required.

Card 8b-2 Tooth profile deviation data, driven gear. Format

(6E 13.5)

This group of cards is needed only if NZJ = 0 or 3.

ZJ2 Deviation from a true involute of the point on the
actual tooth profile of the driven gear, in. The
comments under ZJIl also apply here.
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K.Card 8c-i Torque. Format (1615)

NTS Specifies if the torque input on the next group of
cards applies to the driving or driven gears,
1 = driving gear, 2 = driven gear.

Card 8c-2 Transmitted torque. Format (6E13.5)

STVR Torque values of driving or driven gear, in/lb.
A variable torque through one mesh cycle is allowed.
There are Nj values required for the Nj calculation
points. The first calculation point corresponds
to the first data point outside the pitch circle of
the driving gear. In the case of constant torque
Nj equal values should be input.

In specifying the deviation data, the true involute
is positioned relative to the actual profile so that
its deviation at the pitch point is zero. Where
the deviation represents material added to the true
involute, it is positive; where it represents
material subtracted, it is negative. The roll
angles for the high and low points must be specified.
The tooth profile deviations at all other calcu-
lation points are obtained internally by linear
interpolation.

Card 8d-1 Tooth profile deviation, driving gear. Format(6E13.5).

This card is needed only if NZJ = 1 or 4.

a. Z(1,1) Deviation of the outer diameter point on the
actual tooth profile from the true involute, in.
(columns 1 through 13).

b. Z(5,1) Deviation of the high point (between outer diameter
point and pitch point) on the actual tooth profile
from the true involute, in. (columns 40 through 52).

c. Z(4,1) Deviation of the low point (between pitch point and
the first contact point near the tooth root) on the
actual tooth profile from the true involute, in.
(columns 27 through 39).

d. Z(3,1) Deviation of the true involute point (the first
contact point) on the actual tooth profile from
the true involute, in. (columns 40 through 52).

e. RHIGH(l) Roll angle of the high point, deg. (columns 53
through 65).

7
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f. RLOW(l) Roll angle of the low point, deg. (columns 66
through 78).

Card 8d-2 Tooth profile deviation, driven gear. Format

(6E13.5) .

This card is needed only if NZJ = 1 or 4.

a. Z(1,2) Deviation of the outer diameter point for an
external gear. For an internal gear, it is the
deviation of the inner diameter point, in. (colzuuns
1 through 13).

b. Z(5,2) Deviation of the high point (between inner diameter
and pitch point for internal gear), in. (columns 14 I S~through 26).

c. Z(4,2) Deviation of the low point, in. (columns 27 through
39) .

d. Z(3,2) Deviation of the true involute point, in. (columns
45 through 52).

e. RHIGH(2) Roll angle of the high point, deg. (columns 53 i.' ~through 65). •

f. RLOW(2) Roll angle of the low point, deg. (columns 66

through 78).

card 9 Gear speed. Format (15, E 13.5)

a. NWS Identifies if the input speed is the speed of
driving or driven gear. 1 = driving gear,
2 = driven gear (column 5).

b. WS Driving or driven gear speed, rpm (columns 6
through 18).

7
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PROGRAM OUTPUT AND DESCRIPTION

Figure 19 shows a sample output for the case defined in Figure ±

18. Following is a brief discussion on the output data.

Output Variables and Explanations

.- 1. Title

2. Control Number - NMC, INT, MN, MMM, IPLT, IFOUR, ISPECT,
IHICR, IRM, IPERC, IR?, IPROP, ICENT,
NZJ, as in input Cards 2 and 2a.

3. Design Data - FI(=I), FNI(=N1), DPIT(DIA. PITCH), ROl,
RTl, RM1, BLANK, FN2(=N2), PANG(CUT. PRESS
ANG), R02 or R12, RT2, RM2, Ti, Fl, R.FI,
YE1, GEl, P0S1, T2, F2, RF2, YE2, GE2, PqS2,
as in input Cards 3 through 6.

Items 4 through 11 are printed for each of the NMC mesh
cycles specified.

4. Mesh Cycle Identification, Center Distance and Tooth
Spacing Errors.

5. Input Listing of Transmitted Torques at Nj Calculation
Points and Listing of Calculated Tangential Tooth Loads
at NJ Calculation Points.

6. input Listing of Profile Error and Supplementary
Compliance - ZJIl, ZJ2, UJl, UJ2, as in input Cards 8a,
8b and 8d.

7. Operating Pressure Angle, deg.

8. Miscellaneous Data:

RPl pitch circle radius, driving gear, in.

RP2 pitch circle radius, driven gear, in.

RB1 base circle radius, driving gear, in.

RB2 base circle radius, driven gear, in.

BAl arc of approach, driving gear, rad.

BA2 arc of approach, driven gear, rad. (negative
on i.nternal gear)

BRI arc of recess, driving gear, rad.

BR2 arc of recess, driven gear, rad. (negative
on internal gear)
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ATI angle of rotation, driving gear, between the
position where the line of action intersects
the involute at the start of the involute profile
to the position where the line of action inter-
sects the involute at the pitch point, rad.: iO

AT2 angle of rotation, driven gear, rad.

Check for message to determine if part of the profile
extends within the base circle. If so, program will
continue and, where necessary, the root radius will be
set equal to the base circle radius. In the tooth profile ,

and the tooth deflection calculations, the original root
circle radius will be used with the specified or calcu-
lated fillet radius. If the root circle lies inside the
base circle by more than this fillet radius, a radial
line is assumed to connect fillet and involute.

9. Driving Gear Data - Jl, CJl, AJI, QJ]-ABC, XJI, YJI, ZJl,XMEI,(=Y.), IMEI(%=Y), Jl, QJlA, QJIB,

QJlC

Jl Number of calculation points (see FI on Card 4
of the input data). Listed for values of
(-M/2 + 1) to (M/2). (See description of Cards
8a, 8b, 8c and 8d.)

Cji condition of engagement if equal to one and no
engagement if equal to zero.

AJI Angle of rotation from the position of contact
at the pitch point to the position of contact
at the calculation point - negative for points
inside the pitch circle, rad.

XJl Coordinates of the calculation point on the
and involute profile with the origin at the gear
YJ1 center and the X-axis as the centerline of the

tooth, Given only for points at which contact
takes place with the mating gear, in.

: *, ZJl Tooth profile deviation, in.

XMEl Coordinates of the point on the root circle
and midway between the tangent point of the fillet
YMEl radius and the involute profile extended (and

zadial inside the base circle), in. This point
is considered to be the end of the effectLve
base of the tooth for deflection purposes.
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Al, QJIA Elastic compliance normal t~o the profile of
the gear tooth acting as a cantilever beam in
bending only, in/lb.

QJlB Elastic compliance of the gear tooth as a
cantilever beam in shear only, in/lb.

QJlC Elastic compliance of the gear tooth as a rigid
member rotating in its supporting structure,
in/-.b.

QJIABC Combined compliance of QJ1A, QJ1B, QJlC,
QJIABC, in/lb.

10. Driven Gear Data - J2, BLANK, AJ2, QJ2ABC, XJ2, YJ2,
ZJ2, XME2, YME2, J2, QJ2A, QJ2B, QJ2C

J2 Number of calculation points. For external
gears, J2 is listed for values of (-M/2) to
(M/2 - 1) and contact takes place between points
where Jil = -J2. For internal gears, J2 is
listed for values of (M/2) to (-M/2 + 1) and
contact takes place between points where
Jil = J2.

All other variables are similar to their counterparts for
the driving gears.

11. Tooth meshing errors, loads and contact compliance -

JCl, AJCl, TANG ERROR, TANG LOAD, WN, WT, QJD

JCl Number of the calculation point on the driving
gear tooth of the (0)th pair, starting with the
first point after the pitch point and ending
with the point corresponding to the pitch point
of the next tooth ((1)st pair).

AJC1 Angle of rotation of the driving gear from the
position with contact at the pitch point of the
first mesh cycle to the position with contact
at the calculation point, rad. The last angle
in the first mesh cycle is the tooth spacing
angle.

TANG ERROR Tooth meshing error or deviation from
pure conjugate action, as .a pitch-line
linear measurement of the motion of the
driven gear leading the driving gear, in.
A negative value indicates that the driven
gear is lagging the driving gear, as
might be caused by deflection of the
teeth.
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TANG LOAD Load sharing among contacting tooth pairs
is printed. The (+l)th pair is the pair
following the (O)th pair, the (-i)tth pair
is the pair in front of the (O)th pair and
the (+2) th pair follows the (+l) th pair, lb.

WN Total normal load transmitted by the teeth, lb.

WT Total tangential tooth load, lb.

QJD Contact or Hertzian compliance combined for
both teeth at the contact point, in/lb.

If IHICR 0, TANG LOAD is replaced by WTC and WTD as
follows:

WTC Tangential load carried by the (0)th pair of
teeth-, lb.

WTD Tangential load carried by the (l)th pair of
teeth, lb.

12. List of Tooth Meshing Error over NKC Mesh Cycles - JCl,
AJCI, EJT

JCl Number of the calculation point. The last value
should be equal to (NMC x Nj).

AJC1 Same as AJCI above.

EJT Same as TANG ERROR above.

13. Plot of Tooth Meshing Error.

Appears only if IPLT = 1 on input Card 2.

14. Fourier Coefficients - I, A, B, C, KM

I Order of the harmonic to which the coefficients
apply. The zero order refers to the constant
component.

A The Fourier coefficient of the cosine or real
component for that harmonic of the meshing
error, in. The value for I = 0 is twice the
constant component or mean value of the meshing
error.

B The Fourier coefficient of the sine or imaginary
component for that harmonic of the meshing
error, in.
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C Square root of (A2 + B2 ). Appears only if
IFOUR = 1 on input Card 2.

KM Ratio of frequency to tooth mesh frequency.

The following output is concerned with the power spectral
density function of the tooth meshing error. Appears only if
ISPECT = 1 on input Card 2.

15. Mesh Frequency, cps.

16. Incidental Data - FC, FO, BE, H, TR, TfAX, SM

FC Cutoff frequency, cps.

FO Fundamental frequency, cps.

BE Equivalent resolution bandwidth, cps.

H Sampling interval, cps.

TR Total record time, sec.

TMAX Maximum displacement, sec.

SM Maximum lag number.

17. Power Spectral Density Function - K, FR, GK, GKK, KM

K Harmonic number, from 0 to SM.

FR Frequency, cps.

K2
GKI "Raw" power spectral density function, in

.2
GKK "Smooth" power spectral density function, in

KM Ratio of frequency to tooth mesh ft quency.
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COMPUTER PROGRAM FOR PREDICTION OF GEAR MESH

EXCITATION SPECTRA - GGEAR (R-67)

PROGRAM DESCRIPTIOU . .

Computer program GGEAR (R-67) is used for noise/vibration
reduction analysis in order to calculate standard gear meshing
errors and compliance. A listing of this program is provided
in Appendix C. The output from this program is used in the
finite element model of the internal components; in fact, R-67
is similar to program R-75 with the exception of the inclusion
of high-contact-ratio capabilityi so the discussion of program
R-75 is equally applicable here.

GGEAR is an outgrowth of GEARO (R-33). GEARO theory is
thoroughly discussed in Reference 2 , and that theory shall
not be repeated here. The differences between GEARO and GGEAR
are outlined below, and GGEAR is thoroughly discussed in
Reference 7.

Characteristics of vibration spectra induced by gear meshes
in both single gear reductions and planetary gear reductions
were first investigated. Methods were then developed to
analyze the planet-pass induced vibrations which exist in
normal planetary gear reduction systems. It was found that
the planet-pass vibration sideband frequencies occurred both
below and above the base signal at integer multiples of planet-
pass frequency and that the sideband amplitudes could exceed
those of zhe base signal. These sideband calculations were
programmed into GEARO.

The effect of planet pair phasing on the vibration sideband
spectra was analyzed for the CH-47 helicopter forward rotor
drive transmission first-stage planetary reduction. GGEAR
has been established for predicting vibration sidebands
produced by variations in centerline distance, tooth transmitted
force, and tooth support discontinuities for single gear mesh
systems. The sidebands are normally found at mesh frequency
harmonics plus and minus integer multiples of the frequency
of vriation of the gear parameters. The sideband amplitudes
depend on the magnitude of variations of the gear parameters.
The vibrations sideband spectra produced by spiral bevel gear
shaft runout, externally imposed tooth mesh force variation,
and a decrease in support stiffness over a number of consec-
utive ring gear teeth were obtained for gear meshes in the
CH-47 helicopter forward rotor drive transmission. The GGEAR
sideband analysis is useful both for designing low-vibration
gear systems by properly controlling various gear parameters,
and for identifying the existence of several types of gear
problems such as gear runout, high dynamic tooth force, and
tooth cracks.
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COMPUTER PROGRAM R-67 INPUT FOP4MAT

A complete set of input data for R-67 comprises data of nine

input cards. The input data instructions are given below and
are for th, most part self-explanatory. The cards are laid
out in the format of an 80-column data card. A description of
the variables is given and a sample case is provided in
Figure 20.

Input Variables, Format, and Instructions
Card I Title, columns 2 through 72.

Card 2 Control numbers. Format (715)

a. NMC Number of mesh cycles.

Place the last digit of this number in column 5.

b. INT Identification as to whether this control card rep-
resents the last complete set of input data being
submitted.
If more sets of input data follow, use 0.
If this is the last set, use 1.

Place this digit in column 10.

c. MN Classification of the types of spur gears to be con-

sidered.
If both the driving and the driven gears are exter-
nal gears, use 1.
If the driving gear is an external gear and if the
driven gear is an internal (ring) gear, use 0.
(The program will not run properly if the internal
gear is submitted as the driving gear.)

Place this digit in column 15.

d. MMM Number of initial terms of the Fourier analysis for
which coefficients will be printed, beyond the co-
efficient for the constant term. This number cannot
exceed (FI x NMC + NMC/2), where FI is the input
variable submitted on card 4.
Place the last digit of this number in column 20.

e. IPLT Instruction as to whether the calculated tooth
meshing error is to be plotted.
If tooth meshing error is to be plotted, use 1.
If plotting is to t bypassed, use 0.

Place this digit in column 25.
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f. IFOUR Instruction as to whether Fourier analysis of the i
tooth meshing error is to be performed.
If it is to be performed, use I.
If it is to be bypassed, use 0.

Place this digit in column 30.

s. ISPECT Instruction as to whether power spectral density
function for the tooth meshing error is to be
calculated.
If it is to be calculated, use 1.
If it is to be bypassed, use 0. A

Card 3 Gear design data. Format (6E 13.5)

a. FNl Number of teeth in the driving gear.

Use columns 1 through 13. (Do not omit decimal
point.)

b. FN2 Number of teeth in the driven gear.

Use columns 14 through 26. (Do not omit decimal
point.)

c. RBI Base circle radius of driving gear, in.

Use columns 27 through 39.

d. R01 Radius to the outside diameter of the driving gear,
in. This should be reduced by anj radial loss in
working surface at the tip of the teeth, as from
tip rounding or chamfering.

Use columns 40 through 52.

e. R02 Radius to the outside diameter of the driven gear,
or R12 if external, and to the inside diameter, if inter-

nal, in. This should be corrected for arty radial
loss in working surface at the tip of the teeth,
as from tip rounding or chamfering. In the case of

-6~an internal gear, this radius must be equal to or
greater than the base circle radius. No check for
this is prcvided.

Use columns 53 through 65.

Card 4 Gear design data, continued. Format (6E 13.5)
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a. RT]. R iius to the beginning (near the base of the tooth)
oi the involute profile on the driving gear, in.

This is used in the program only in a design check
as to whether adequate length of involute has been
provided for contact on the teeth of the mating
?egr up to its tip. If this radius is not speci-
fied in the gear design data, this check may be by-
passed by substituting the root circle radius.

Use columns 1 through 13.

b. RT2 Radius to the beginning (near the base of the tooth)
of the involute profile on the driven gear, in.
See above for substitute when not specified.

Use columns 14 through 26.

c. RM1 Radius to the root circle of the driving gear, in.
If the radius submitted is smaller than the computed
base circle radius, this is noted in the output, and
the input value of root radius is used at some
points in the program. If the root radius is suf-
ficiently smaller than the base circle radius so
that the root fillet center lies inside the base
circle, the tooth outline between the base circle
and the fillet is assumed to be e radial line by
the program.

Use columns 27 through 39.

d. RM2 Radius to the root circle of the driven gear, in.
For the case of an external gear, the same com-
',o-nts as above apply.

Use columns 40 through 52.

e. FI Number which indirectly establishes the number of
calculation points. The number of these points will
equal one plus twice the value of FI. The calcula-

- a. tion points may be viewed as selected contact points
on the true involute profile, extended where neces-
sary. These contact points with the mating involute
are associated with specific angul~r positions taken
by the gear as it is rotated, where the angular
positions correspond to uniform subdivisions of the
tooth spacing angle. A greater number of these
points will give more closely spaced point-by-point
output data. A greater number will also give more
accurate calculations of tooth deflections and
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Fourier coefficients. A value of F1 equal to 12
giving 25 calculation points has been found to be
convenient.

Use columns 52 through 65. (Do not omit decimal

point.)

f. TI Circular tooth thickness at the pitch circle of the
driving gear, in. The radius of the pitch circle is

as defined in card 3. If not specified in the gear
design data, it may be estimated as one-half of the

difference between the actual circular pitch and the
working backlash. -

Use columns 66 through 78.

Card 5 Gear design data, continued. Format (5E 13.5)

a. T2 Circular tooth thickness at the pitch circle of the
driven gear, in. The comments for Tl also apply
here.

Use columns 1 through 13.

"b. Fl Effective tooth face width of the driving gear, in.
Where the face widths of the two gears are similar,
use the actual face width without any reduction for
normal end chamfering or rounding. Where one tooth
is much wider, use as its effective face width an
amount suitably larger than the narrower width to
allow for the limited additional support that the

greater width provides.

Use columns 14 through 26.

c. F2 Effective tooth face width of the driven gear, in.

The comments for Fl also apply here.

Use columns 27 through 39.

d. RFl Fillet radius on the driving gear, in.

e ""Use columns 40 through 52.

e. RF2 Fillet radius on the driven gear, in.

Use columns 53 through 65.

Card 6 Gear material properties. Format (6E 13,5)
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I

a. YE1 Young's modulus (in bending) for the material of
the driving gear, lb/in.2

Use columns I through 13,

b. YE2 Young's modulus (in bending) for the material of
the driven gear, Wb/in. 2

Use columns 14 through 26.

c. GE. Shear wodulus for the material of the driving gear,
lb/in.

Use columns 27 through 39.

.d GE2 Shear modulus for the material of the driven gear,
lb/in.

2

Use columns 40 through 52.

e. POS1 Poisson's ratio for the material of the driving

gear. Since this ratio is used only in the allow-
ance for the "wide beam effect," it should be re-
duced for the cases where tooth face width is notmuch greater than tooth thickness, with a limiting
value of zero when the teeth have a width smaller
than the thickness.

Use columns 53 through 65.

f. P0S2 Poisson's ratio for the material of the driven
gear. Comments for POSI also apply here.
Use columns 66 through 78.

There are NMC sets of the following Card 7 and Card 8. Each set supplies
center dis'ance, tooth spacing errors, tooth profile errors, tooth support
compliances and tangential load for one mesh cycle.

Card 7 Center distance and tooth spacing error data. Format (3E 13.5)

a. CL Center distance, in.
This must be the actual center distance, including
any substantial spreading under load.

Use columns 1 through 13.

b. VPTI Tooth spacing error on the driving gear, in. This
error is based on the distance between the pitch
points of successive teeth, but the error is ad-
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justed to apply to the direction of the line of
action. This adjustment is accomplished by multi-
plying the pitch line error by the cosine of the
pressure angle. The error is positive if the
"measured spacing is smaller than the desired
spacing.

Use columns 14 through 26.

c. VPT2 Tooth spacing error on the driven gear, in. The
comments under VPT1 also apply here.

Use columns 27 through 39.

Cards 8-1 to 8-2N Point-by-point data. Format (5E 13.5)

Total number of cards equal to twice the number of
calculation points (Nj) between pitch points of
adja-zent teeth, or the same as two plus four times
the value of Fl (see card 4). This specifies that
cards must be introduced even if it is known that
there is no contact at the particular calculation

point or even if the tooth profile does not actual-
ly extend to the calculation point. As explained
below, a blank card may be used for these points.

For the driving gear, the first card is for the cal-
culation point located (Nj-1) points preceding
the pitch point (or inside the pitch circle);
the (Nj)th card is for the pitch point; the last or
(2N )th card is for the calculation point located
(Nj) points after the pitch point (or outside the
pitch circle). The last point may also be de-
scribed as the point of contact on one meshing
tooth when the pitch point is the point of contact
on the next meshing tooth.

For the driven gear which is an external gear, the
first card is for the calculation point located (NJ)
points before the pitch point (or inside the pitch
circle); the (Nj+l)th card is for the pitch point;

a-', the last or (2N )th card is for the calculation
point located (Cj-1) points after the pitch point
(or outside the pitch circle). The point for the
first card may also be described as the point of
contact on one meshing tooth when the pitch ponrLL in
the point of contact on the previous meshing tooth.
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II
For the driven gear which is an internal gear, the
first card is for the calculation point located (Nj)
points following the pitch point (or outside the
pitch circle); the (M +I)th card is for the pitch
point; the last or (2N 3 )th card is for the calcula-
tion poinc located (NQj-•) points before the pitch
point (or inside the pitch circle). The point for
"the first card Lwy also be described as the point
of contact on the meshing tooth when the pitch point
is the point of contact on the next meshing tooth.

a. ZJI Deviation of the point on the actual tooth profile
on the driving gear from the true involute (as de-
fined by the gear design data), in. This true in-
volute is positioned relative to the actual profile
so that its deviation aL the pitch point is zero.
Where the deviation represents material added to
the true involute, it is positive; where it repre-
sents material subtracted, it is negative. The
deviation is measured normal to the involute pro-
file. If the ptofile does not extend to the partic-
ular calculation point o." if it is known that the
mating gear will not contact at this point, the
deviation may be noted as zero.

Use columns I through 13.

b. UJI Tooth support compliance, or any compliance supple-
mentary to the tooth compliance included in the
analysis, on the driving gear, in./Ilb. This com-
pliance is the deflection under unit load at the
calculation point on the profile in the direction
of the load (or normal to the profile). A uniform
compliance fcr all calculation points, such as
would resul. from a uniform gear shaft compliance,
would not a fact the final results as 2ar as motion
irregularities or load transfer is concerned; it
would only increase the mean deviation in transma '*-
ted motion.

Use columns 14 through 26.

'- Od c. ZJ2 Deviation of the point on the ,:tual tooth profile

on the driven gear from the true involute, in. The
comm.ents under ZJl also apply here.

Use columns 27 through 39.

d. UJ2 Tooth support compliance, etc., on the driven gear,
in./Ib. Tha comments under UJI also apply here.

Use columns 40 through 52.
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e. WT Tocal load, tangent to the pitch circle, transmittedby the gear teeth, lb.

In the first N card 8s, WT should be left blank.
WT in the second N card 8s represents the loads at
the N calculation points in one gear mesh.

Use columns 53 through 65.

Card 9 Gear Speed. Format (15,E 13.5)

a. NWS Identification as to whether the iLput speed is the

speed of driving or driven gear.
If driving gear speed is inputted, use 1.
If driven gear speed is inputted, use 2.

Place this digit in column 5.

b. WS Driving or driven gear speed, rpm.

Use columns 6 through 18.

PROGRAM OUTPUT

The output generated from the sample case defined in Figure 20
is shown in Figure 21. in addition to the calculated output
data, the input data is also listed, thus producing a complete
record of the con.puter run, Key output variables from R-67
are disclissed briefly below.

Output Variables and Explanations

1. Title

2. Control numbers --MC, INT, NMZ, -MM, as in input card 2.

3. Design- FI(-I), FN1(wNi), RBl, RO, TRI, MIl
B 4 , FN2('uN2), BLANK, R02 or R12, RT2, Rn1
Ti, Fl, RFI, YEl, GEl, POSI
T2, F2, RF2, YE2, GE2, P0S2

06 mall as in input cards 3 through 6.

Items 4-11 are printed for every mesh cycle, totally iMC cycles.

4. Mesh cycle identification and center distance.

5. Input listing of profile error and supplementary compliance ZJ1,
UJI, ZJ2, UJ2 as in input card 8.

6. Pressure angle, degrees.
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7. Incidental data- RPI, RB1, BA1, BR1, AT].

RP2, RB2, BA2, BK2, AT2

where: RPL pitch circle radius of driving gear, in.

RP2 prit-zh circle radius of driven gear, in.

R1i base circle radius of drivig gear, in.

4 RB2 base circle radius of drivena gear, in.

S3AI arc of approach of driving gesr, rad.

BA2 arc of approac, -f driven gear, rad (negative on
internal gears),

BRI arc of recess of driven gear, rad,

BR2 arc of recess of driving gear, rad (negative on
internal gears).

ATI angle of rotation of driving gear from the position
at which the line of action intersects the involute
at the start of the involute profile to the position
at which the live of z-tion intersects the involute
at the pitch point, rad.

AT2 similar angle of rotation of driven gear, red,

Check statement when part of the profile extends within the base
circle.

Program will continue in Rny case, and, where necessary, the root
radius will be set equal to the base circle radius. However, in
calculatin; the tooth profile and the tooth deflections, the
original root circle radius will be used with the specified iillet
ra.dius. if the root circle lies inside the base circle by more
than this fillet radius, a radial line is assumed to connect: fillet
and involute.

8. Driving gear dAta - Jl, CJl, AJI, QJIABC, X.J1, YJl, XMl(=X),
YMEI(-Y), J1, QJ3A, QJIB, QJIC
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where: Jl identification number for calculation points (see
under Fl of card 4 in the input data). Listed for
values of (-21) to (21+1.).

CJI condition of engagement if equal to one and no
engagement if equal to zero.

J AJI angle of rotation from the position of contact at
the pitch point to the position of contact at the
calculation point - negative for points inside the
pitch circle, tad.

Xil coordinates of the calculation point on the involute
and profile with the origin at the gear center and with
YJl the X-axis as the centerline of the tooth, given

only for the points at which contact will take place
with the mating gear, in.

XMEI coordinates of the point on the root circle midway
and between the tangent point of the fillet radius and
YMEI the involute profile extended (and radial inside

the base circle), in. This point is considered to
be the end of the effective base of the tooth for
deflection purposes.

QJ1A elastic compliance of the gear tooth acting as a
cantilever beam in bending only, normal to the
profile at the calculation point, in./lb.

QJIB elastic compliance of the gear tooth as a canti-
lever beam in shear only; otherwise as above.

QJlC elastic compliance of the gear tooth as a rigid
member rotating in its supporting structure;
otherwise as above.

QJIABC combined compliance of the three above, in./lb.

9. Driven gear data - J2, BLANK, AJ2, QJ2ABC, XJ2, YJ2, XME2, YME2,
J2, QJ2A, QJ2B, QJ2C

where: J2 identification number for the calculation points.
"For external gears, J2 is listed for values of
(-21-1) to (21). For this case, contact ta'ies
place between points of the two gears for which
JI = -J2. For internal gears, J2 is listed for
values of (21+1) to (-21). For this case, contact
takes place between points of the two gears for
which Jl J2.
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All other variables are similar to their counterparts for the
driving gear.

10. Input tooth spacing error data -VPTI, VPT2
as in input card 7.

11. Tooth meshing errors, loads and contact compliance - JC3, AJCI,
"EJT, WTC, WTD, WN, WT, QJD

where: JCI identification number for the calculation point on
the first tooth of the driving gear, starting with
the first point after the pitch point and ending
with the point corresponding to the pitch point of
the next tooth.

AJCI angle of rotation of the driving gear from the
position with contact at the pitch point of the
first mesh cycle to the position with contact at
the calculation point, rad. The last angle in the
first mesh cycle is the tooth spacing angle.

EJT tooth meshing error or deviation from pure conju-
gate action, as a pitch-line linear measurement of
the motion of the driven gear leading the driving
gear, in. A negative value indicates that the
driven gear is lagging the driving gear, as might
be caused by deflection of the teeth.

WTC tangential load carried by the first pair of teeth,
lb.

WTD tangential load carried by the second pair of
teeth, lb.

WN total normal load transmitted by the teeth, lb.

WT input tangential tooth load, lb.

QJD contact or Hertzian compliancc combined for both
teeth at the contact point, in./lb.

12. List of tooth meshing error over NMC mesh cycles - JC., AJCI, EJT

where: JCl identification number for the calculation point.
The last value should be equal to (NMCxN).

AJCl same as AJCl in item 11.

EJT same as EJT in item LI.
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13. Plot of tooth meshing error.
Appears only if IPLT in input card 2 is set to be 1.

* 14. Fourier coefficients - I, A, B, C, KM

where: I order of the harmonic to which the coefficients
apply. The zero order refers to the constant
component.

A the Fourier coefficient of the consine or real
component for that harmonic of the meshing error,
in. The value for I - 0 is twice the constant
component or mean value of the meshing error.

B the Fourier coefficient of the sine or imaginary
component for that harmonic of the meshing error,
in.

C square root of (A2 + B2 ). Appears only if IFOUR

in input card 2 is set to be 1.

KM ratio of frequency to tooth mesh frequency.

The following output is concerned with the power spectral density function
of the tooth meshing error. Appears only if ISPECT in input card 2 is set
to be 1.

15. Mesh frequency, cps

16. Incidental data - FC, FO, BE, H, TR, TMAX, SM

where: FC cutoff frequency, cps.

FO fundamental frequency, cps.

BE equivalent resolution bandwidth, cps.

H sampling interval, cps.

TR total record time, sec.

¼ TMAX maximum displacement, sec.

SM maximum lag number.

17. Power spectral density function - K, FR, GK, GKJ, KM

where: K harmcnic number, from 0 to SM.
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FR frequency, cps.

" " pt2
GK raw power spectral density function, in.

GKK 61smooth" power spectral density function, in.
2

-IM ratio of frequency to tooth mesh frequency.
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Figure 21, R-67 Sample Run and Plot.
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CALCULATION OF GEAR MESH COMPLIANCE

In Reference 1, methodology is outlined in detail for approxi-
mately calculating the gear mesh compliance utilizing R-67
(GGEAR) output.

In Table 5, a worksheet is given for calculating the modified
contact ratio using basic mesh data.

This modified contact ratio, along with GGEAR output data, is
used to calculate the mesh compliance (Reference 1, page 156).
An equivalent cross-sectional area must be calculated for
input to the finite element model of the internal components.
This calculation is shown in Table 6.
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TABLE 6. GEAR TOOTH COMPLIANCE CALCULATION

(QJIABC + QJ2ABC) MIN + QJD

(QJIABC + QJ2ABC) MIN = 0.6248 x l0-7 IN./LB

QJD = 0.459319 x 10-7 IN./LB

(q_2) MIN 2-- 0.1084 x 10-6 IN./LB 0.1084 v IN./LB

h = M-1 = ±.936-1 = 0.936

q.Rl =(q1-2) MIN

COS 2 ip COS 2

SJ 250  =22.50

q Rl 0.1084 = 0.1546 i IN./LB

COS 2 ý COS 2

q1-2 = qR! (1-0.3h) = 0.1546(1-0.3(0.936))

ql-2 = 0.1112 p IN./LB

kl-2 = q 8.99 x 106 LB/IN.

AREA = A = Lkl-2 = 10(8.99 x 106) 2.998 IN. 2

E 30 x 10 6

1004
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DYNAMIC GEAR TOOTH FORCE ANALYSES - TORRP (R-32) j
PROGRAM DESCRIPTION

This program, which is based on a variation of the Holzer
analysis, calculates the dynamic forces at a gear mesh. It
can calculate system torsional resonances and dynamic tooth
forces for a complex transmission system including planetary
gears. The complete analysis is contained in Reference 2.
The program source listing (Appendix D), input sheets, and a
sample case have been included herein for completeness.

A gear system transmitting power is susceptible to torsional
vibration since it possesses the necessary Properties of
rotational inertia, torsional elasticity, and a source of
excitation. The inertia may be concentrated as in the body
of a gear or distributed as in the shafting. Similarly, the
elasticity (or compliance) may be concentrated as in a coupling
or in the flexing gear teeth, or it may be distributed with
the inertia in the shaft sections. As in any other torsionally
vibrating system, the excitation may come from externally
applied pulsating torques or from a fluctuating resistance to
the steady rotation. However, in a geared system there is
also an excitation due to displacement which comes from the
imperfect transfer of motion between the meshing gears. Due
to this excitation, the mating teeth at any point of excitation
are subject to dynamic changes in relative motion, which can

be achieved only if there is generated a dynamic force acting
between the teeth to impose the necessary accelerations. This
dynamic force, generated in response to the gear displacement
excitation, can subject the gear teeth to greater loads than
required for the steady transmission of power. In addition,
it can become a factor in the generation of noise in the trans-
mission system. The excitation, as well as the equivalent gear
tooth compliance, is calculated from program GGEAR and used as A
input to TORRP.

Several features make the analysis sufficiently versatile to
deal with a wide range of gear systcem designs. The analysis
provides for branches in the vibrating system. It not only
treats multiple cases of the simple gear set involving only
"one gear driving a second, but it can also'treat multiple cases
of one type of planetary gear set (the sun gear driving, the
ring gear restrained, and the planet carrier transmitting the
vibration to the, balance of the system). Third, it includes
the effects of externally applied damping such as might be
developed at the bearings. The analysis presents the resulting
dynamic gear tooth forces in a form giving their phase rela-
tionships as well as their magnitudes.
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ORGANIZATION OF STATIONS WITHIN MAIN COMPUTER PROGRAM

The following provides a brief description of how to organize
the data required to operate computer program - TORRP (R-32).
Method of selecting and number stations will be presented.

Selection of Stations

Stations are established where one or more of the following
descriptions apply:

a. The free end of any portion of the system, including the
end and beginning of the main system and the end of any
branch.

b. The point at which a concentrated inertia is acting. By
concentrated inertia is meant an inertia which is not
calculated by the program for given cylindrical dimensions.

c. The point at which a concentrated compliance is connected
to the inertia which precedes or follows it. This inertia
may be either concentrated or of tae distributed type
calculated by the program.

d. The point at which external constraints are applied to
the system in the form of an elastic restraint or in the
form of damping.

e. Each member of a simple yea. bet, but without any stations
between these two.

f. The start and end of a planetary gear stage.

g. Where inertias and compliances are to be computed by the
program, at any point where there are changes in any of
the diameters used to define the cylindrical portions
of the system. Any noncylindrical portion, such as a
tapered portion, may be approximated by converting it
into a series of stepped diameters.

Numbering of Stations

The stations are numbered in accordance with the following
"-- procedure. Refer also to Figure 22.

a. Select a "main system" which begins at a free end and
trace a path through the system components until it
reaches another free end. This path has the restriction
that any branches which remain may not have further
branching on themselves. Also, the path must enter each
planetary stage through the sun gear. In Figure 22,
which is a model of the closed-loop test stand and the
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CH-47C forward transmission shown in Figure 23, the main
system selected consists of the paths 1-5, 8-22, 27, 32,
35, 40, 43, 48-58, 61, 64-70, 78-85, 89, and 93-101.

b. Start numbering the stations beginning with 1 at the
starting free end, continuing in sequence until a common
station with a branch is reached. Do not give the common
station the next number. Instead, go to the free, far
end of the branch, continuing the numbering sequence at
this far end and numbering along the branch until the
common is reached. The common then receives the next
number, and numbering is continued along the main system.
The same procedure is followed whenever another branch is
encountered. The end of the main system receives the
highest station number.

PROGRAM (R-32) INPUT FOFM4AT

A 3et of input sheets required to program R-32 is shown in
Figure 24. A complete set of input data comprises data of
nine distinct categories. Within these categories, cards
which convey specific kinds of information are referred to as
card types. Depending on the complexity of the problem, the
input data set may contain none, one or several cards of a
given type. The categories are listed below:

I Title Card
II Control Number Card
III Rotor Material Properties Card
IV Rotor Data Card
V External Constraints Cards
VI Simple Gear Set Data Cards
VII Planetary Gear Stage Data Cards
VIII Branch Data Cards
IX Gear Excitation Data Cards

A description of the input variables, format and instructions
for each card is given below.

Card 1 Title, Format (72H). This card precedes each set
of input data.

a. Printing instructions, column 1.
For printer to skip a line, use 0.
For printer to go to next sheet, use 1.

b. Title, columns 2 through 72.
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First Item R-32 PAGE _ OF

TORSIONAL RESPONSE PROGRAM

TORRP

INPUT SHEETS

ENGINEER DATE

PHONE

ALL NUMBERS RIGHT JUSTIFIED

TITLE - PLEASE PUNCH

CARD 0 2 721
Col. 1

"NO. OF NO. OF NO. OF NO. OF END #S4PJk; #PLANET
STATIONS EXT. BRANCHES EXCITN, O=MORE GEAR GEAR MDIAG

CONST. 1=LAST SETS SETS

1 5 6 10 11 15 16 20 21 25 26  30 31 35 36 40
CARD

2 ...

MODULUS G WEIGHT
DENSITY

LB/IN. 2  LB/IN3

6 17 18 29
CARD

3

Figure 24. TORRP (R-32) Input Sheet.
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Card 2 Control numbers. Format (715).

a. NS Total number of stations. (NS < 200)
Specification for selection of stations
given in earlier section. (Place last
digit in column 5.)

b. NB Number of stations with external con-
straints, in the form of elastic '
restraint or damping, both with respect ,

to ground. (NB < NS) (Place last
digit in column 10.) 1

c. NBR Number of branches, without including
main system. (NBR <_ 20) (Place last
digit in column 15.)

d. NMPG Total number of cases of gear excitation.
A change in station number, frequency,
or magnitude of either component consti-
tutes a separate case. In the planetary
stations, one pair of sun and ring
excitations of the same frequency
constitutes one case. Individual solu-
tions are found for each case, except
in the planetary stages. When there
are multiple excitations of the same
frequency at different points in the
system, the solutions for the individual
excitations must be combined outside
the program. (Place last digit in
column 20.)

e. INP Specifies if this is the last complete
set of input data (cclumn 25).
-5 more sets of input data follow, use 0.
If this is the last set, use 1.

f. NSRG Number at simple gear sets. (0 < NSRG
_ 20) Each set consists of two gears.

If an idler is used between two gears,
the combination must be represented by
two simple gear sets where the idler
is replaced by two connected gears with
no compliance between them and with a
total inertia equal to that of the
idler. Where one gear drives two or
more gears, each leading off to separate
branches, a similar conversion must be
made. If one gear drives through
multiple gears back into the main
system, in a so-called star arrangement,
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the only treatment possible in this
program is to combine the multiple
intermediate gears into one composite
gear, assuming that the excitations, if
any, are torsionally synchronous.
(Place the last digit in column 30.)

g. NPLG Number of planetary gear stages
, (NPLG < 2) (column 35).

Card 3 Rotor material properties. Format (5X, 2E12.4).
2

a. GM Shear modulus of elasticity, lb-in
May be zero only if all values of RL
in the rotor data are zero (columns 6
through 17).

3
b. DENST Weight density, lb/in3. May be zero

only if all values of RL in the rotor
data are zero (columns 18 through 29).

Card 4-1 to 4-NS Rotor data. Format (15, 6E12.4).

a. NSTA Station number at or after which the
rotor data apply. These must be given
in numerical sequence with no omissions.
(Place the last digit in column 5.)

b. RIP Moment of inertia concentrated at
station, lb-in This includes any
inertia in the system which is not to
be calculated by the program from
dimensional data. At the stations for
simple gear sets, list the inertias of
both members in the rotor data. All
planetary inertias are included only
in the separate planetary data cards.
The station which immediately follows
the planetary may have its own inertia
(columns 6 through 17).

c. RL Length of uniform cylindrical shaft
section between this station and the
adjoining, higher-numbered station, in.
At the station for the first member
of a simple gear set and at the station
for a planetary gear stage, use 0.0.
At the terminating or last station,
use 0.0 or 1.0 (columns 18 through 29).
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d. DST Outer diameter for stiffness calculation
of the cylindrical shaft section, in.
This diameter measures the section
which transmits torque. If the actual
shaft section is reduced as by a keyway,
a diameter which approximates the reduced
section should be used. At the station

S• for the first member of a simple gearset and at the station for a planetary

gear stage, use 0.0. At the terminating
station, use 0.0 (columns 30 through
41).

e. D)MS Outer diameter for mass calculation of
the cylindrical shaft section, in.
This diameter measures the section
which contributes inertia. It may
include any assembled sleeves or hubs
which extend the full distance and
which rotate with the shaft. Use 0.0
for the special stations as described
under DST (columns 42 through 53).

f. DIN Inner diameter for both stiffness and
mass calculation of the shaft section,
in. If the shaft section is solid,
use 0.0. Use 0.0 for the special
stations as described under DST (columns
54 through 65).

g. CCOM Concentrated compliance acting between
this station and the adjoining, higher-
numbered station, rad/in-lb. This
compliance is separate from that cal-
culated by the program from the
dimensional data, and it can be used
only when there are no such dimensional
data between the same two stations.
Any value listed as a concentrated
compliance will enter into the compu-
tation only if RL = 0 for the same
station. Use 0.0 for the special
stations as described under DST.

-. (Concentrated compliances associated
with any of the gears are included
only in the special data cards for the
particular type of gear stage (columns
66 through 77).
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Cards 5-1 to 5-NB External constraints. Format (15,
2E 12.4) (These cards are omitted in NB = 0)

a. LB Station number at which the constraints

are acting. These must be given in
numerical sequence. (Place last digit
in column 5.)

b. BK External, torsional, elastic restraint
acting at the station, expressed as a
torsional stiffness, in-lb/rad. -In an
actual system which has steady rotation,
the stiffness must be 0 if the restraint

is to ground. If in such a rotating
system the restraint is to an "infinite"
but rotating mass, the stiffness may
have any finite value (columns 6 through
17).

C. BCB Coefficient of the external damping
constraint acting at the station, in-lb-

sec/rad (columns 18 through 29).

d. DMP Coefficient of interstation damping, in-
ib-sec/rad (columns 30 through 41).

Cards 6-1 to 6-NSRG Simple gear set data. Format (15,
4E 12.4) (At least one card must be submitted.)

a. LS Station number at which the first, or
lower-numbered, member of the gear set
is located. (The second member of the
gear set is understood to be at the
station LS+l, unless it serves as a
common station to a branch. In this
case, the second member has the number
which completes the branch.) The
simple gear set station numbers must
be given in numerical sequence.
(Place last digit in column 5.)

b. RP Pitch radius of the first member of
the gear set at station LS, in. (columns
6 through 17). Negative.

c. RG Pitch radius of the second member of
the gear set, in. (columns 18 through
29). Negative.

d. SG Combined linear compliance of the two
gears, tangential to their pitch
circles, in/lb (colixmns 30 through 41).
(From GGEAR Output, A/2 Wt.)
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Cards 7-1-A, B, C to 7-NPLG-A, B, C Planetary gear stage
data. (These cards are omitted if NPLG = 0. When
they are included, they must appear in sets of three,
and each set must be arranged in the order given.)

First card of set - A Planetary geometry. Format (15,
3E 12.4)

a. LEC Station number at the start of the

planetary stage. This location of the
station is at the connecting point to
the sun gear, but the station does not
include the sun gear. The sun gear
and other planetary components,
including the planet carrier, lie
between this station and the one follow-
ing it. (Place the last digit in
column 5.)

b. PN Number of planet gears in the planetary
stage (columns 6 through 17). Do not
omit decimal point.

C. RS Pitch radius of the sun gear, in.
(columns 18 through 29).

d. RW Pitch radius of the planet gear, in.
The pitch radius of the ring gear will.
be calculated within the pcogram by
adding double the planet x idius to the
sun radius (columns 30 through 41).

Second card of set -B Planetary inertias. Format (15,
5E 12.4)

a. IPL Station number of the planetary stage,
the same as LEC. (Place the last
digit in column 5.)

b. PMS Weight on one planet gear, lb. This
includes all components which rotate
with the planet - everything between
bearing surface and gear teeth. One-
half the weight of any rolling elements
in the bearing should be included
(columns 6 through 17).

c. PSP Moment of inertia of the sun gear, lb-
in2. This includes all components
between the point of connection to the
outside system and the gear teeth
(columns 18 through 29).
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d. PIP Momený of inertia of each planet gear,
lb-in . This includes all components
used in computing the weight, PMS.
(columns 30 through 41).

e. PRP Moment of inertia of the ring gear,
lb-in'. This includes all components
between the gear teeth and the point
of elastic connection to ground. If
the connection to ground is rigid,
with zero compliance, any finite
inertia may be used for the ring gear
(columns 42 through 53).

f. PCP Momený of inertia of the planet carrier,
lb-in This includes all components
between the bearing surfaces in the
planet gears and the point of connection
to the outside system (columns 54
through 65).

Third card of set -C Planetary compliances. Format (I5,
5E 12.4)

a. IPL Station number of the planetary stage,
a repetition of the value in the
previous card. (Place the last digit
in column 5.)

b. SS Combined linear compliance of each sun-
planet gear mesh, tangential to its
pitch circle, in-lb. If the sun gear
construction is such that there is a
significant compliance between the hub
and the rim, the starting connection
point to the sun gear should be defined
as located at the rim. The hub would
then be associated with the outside
system as a separate station, with the
structural compliance of the sun gear
as a connecting concentrated compliance.
In this case, the mesh compliance still
appears under SS, but the sun gear
inertia under PSP would be limited to
that of the rim construction (columns
6 through 17) from GGEAR.

c. SR Combined linear compliance of each
planet-ring gear mesh, tangential to
its pitch circle, in-lb (columns 18
through 29) from GGEAR.
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d. SW Linear compliance of the planet support
in the planet carrier, tangential to
the path of planet centers, in-lb.
This compliance is the combination of
the compliance of the planet bearing
and the compliance of any portion of
the carrier which will deflect with
the individual planet. If the carrier
construction is such that there is a
compliance between a hub and a rim-type
member which supports all the planets
collectively, this structural compliance
may be combined with the others to give
a total planet carrier compliance.
Alternatively, the system may be
changed so that the end of the planetary
stage, that is, its connection to the
external system, is taken at the rim-
type member. In this case, the hub
becomes associated with the outside
system as a separate station. The
compliance between hub and rim then
appears as a separate concentrated
compliance between the station at the
close of the planetary stage and the
new station for the hub. With this
change, the compliance used under SW
is the combination of only the first
two compliances mentioned above; namely,
those associated with the individual
planet (columns 30 through 41).

e. Blank Columns 42 through 53 are not read in
this main computer program.

f. ST Angular compliance of the support
between the ring and ground, rad/in-lb.
If the ring is rigidly connected to
ground, set this compliance equal to
zero (columns 54 through 65).

Cards 8-1 to 8-BR Branch data. Format (215) These
cards are omitted if BR = 0.)

ma

a. LBR Number of the first or free end
station of the branch. (Place the
last digit in column 5.)

b. LBS Number of the common station of the
branch at which it is connected to the
main system. (Place the last digit
in column 10.)
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Cards 9-1 to 9-NMPG Gear excitation data. Format (15,
6E 12.4) (These cards may be submitted in any order.)

a. IT Station number which identifies the
gears at which the excitation is intro-
duced. For simple gear sets, the
number of the first member is used, as
for LS in card 6. For planetary gear
stages, the station number at the
start of the planetary is used, as for
LEC in card 7-A. (Place the last digit
in column 5.)

b. FFQ Frequency of the excitation, cps.
(TEl) (TEl is used for temporary storage.)

(columns 6 through 17.)

c. AXY The real or cosine component of the
or linear excitation in the simple gear
AXYl set (AXY) or in the sun-planet mesh
(TE2) of the planetary gear stage (AXYI),

in. This excitation is introduced at
the gear mesh tangential to the pitch
circles. (TE2 is used for temporary
storage.) (columns 18 through 29.)

d. BXY The imaginary or sine component of the
or linear excitation described above,
BX' in. (collnuns 30 through 41).
(TE3)

e. AXY2 The real or cosine component of the
(TE4) linear excitation.in the planet-ring

mesh of the planetary gear stage, in.
This excitation is introduced at the
gear mesh tangential to the pitch
circles. On a card with excitation for
a simple gear set, 'this field is left
blank. (TE4 is used for temporary
storage.) (columns 42 through 53)

f. BXY2 The imaginary or sine component of the
(TE5) linear excitation described just above,

in. (columns 54 through 65).
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P ROGRk.M OUTPUT

The output data generated from program R-32 is shown in Figure
25, along with the input data previously described. This pro-
cedure provides a complete record of the computer run. Key
output variables from R-32 are discussed briefly below.

Tabulation of Input Data

1. Title - as in input card 1.

2. Control numbers - NS, NB, NBR, NMPG, INP, NSRG, NPLG,
as in input card 2.

3. Rotor material properties - GM, DENST, as in input card 3.

4. Rotor data - NSTA, RIP, RL, DST, DMS, DIN, CCOM, as in
input card 4.

5. External constraint data - LB, BK, BCB, as in input card 5.

6. Simple gear set data - LS, RP, RG, SG, as in input card 6.

7. Planetary gear stage data - LEC, PN, RS, RW, IPL, PMS,
PSP, PID, PRP, PCP, SS, SR,
SW, Blank, ST, as in input
card 7.

8. Branch data - LBR, LBS, as in input card 8.

9. Excitation data - IT, FFQ, AXY or AXX1, BXY or BXYl,
AXY2, BXY2, as in input card 9. Each
set of excitation data is given
separately followed by its own calcu-
lated response.

Calculated Data

Computed response at each simple gear set - LS, TTFR, TTFE

where LS -- Station number identifying the simple gear set.

TTFR - Real or-cosine component of the dynamic tan-
gential tooth force developed at the gear
mesh, lb.

TTFE - Imaginary or sine component of the same force,
lb.
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I W0.9 1.0 4.12 41.12 0.0 0.0

3 (?.0 4.25 3. 318 5 .2 1 0.0 0.0
4 4(..3 3 A2fi 3.0 3.0 0.0 0.0

1 B. 10 G~69-----25.8 & ------ 4"S46 --- A,--334-. - -4.25-- -- 0.0
6 46.386 26.68 4.346 4.337 4.25 0.0
7 99.38A 1.15 2.10 2.1 0. 0.0

9 0.0 0.81 2.10 2.1 0. 0.0
10 0.0 2.20 4.32 4.75 3.6 0.0

1 - 0.0 -09-- 4.42~-.- 4 .65. 4 --- 1 .... .0
'12 0.0 1.50 4.32 4.95 3.6i 0.0
13 0.0 3.28 4.50 5.3 3.6 13.0

15 0.3653 2.2 3.16 3.16 ?.9 6.0
16 72.3 0. 0.00 0. 0. 6.0
I--1 I~ -a.21 -.-- 0.95--------0.86- a---- a&86 ---- 062-------.0
is 0.1293 1.00 2.50 2.5u 2.14 0
19 0.1293 9.00 0.64 C.64 0.50 100
21 4.199 4.20 3.00 3.3 2.50 1.0
22 26.20 0.93 3.60 3.60 0. 4.0

24 0. 0.47 4.30 4.30 go0.(
25 568.0 1.0 6.00 6.0 0. .

27 0.0- 0. .0 .000
26) 0.0 0.0 0.00 0.0 0.0 (.0

2A 0. 0.00.000.0 .0 IL -

30 0.0 11.9 5-A5.6 6.0 4.7 060
31 0.0 11.5 5.30 5.3 3.4 0.0

Z3 2656.536 1.235 11.251 A3.109 0.0 800
34 0.0 2.0 10.919 10.919 0.0 0.0

36 51673.308 21o406 18.25 18.25 16.6211 00
37 51673.308 15.75 8.178 9.00 0.0 00

39 0.0 2.75 9.333 99533 0.0 00
40 0.0 4.62 9.752 12.7967 0.0 00

41-- " .orýý Vfis -- 4.85 -80-V
42 0.0 2.03 7.463 10.433 0&0 OD
43 13.0 0.69 9.25 8.25 0.0 0

45 4.AO56E6 0.0 0.00 0.0 0.0 Oj
46 0.0 3.4 5.834 5.834 0.625 01

48 0.0 0.69 7.04 7.04 0.00.
49 0.0 0.87 9.00 9.0 0.0 0.

-60 -62447. 3- 1-.- 0. -- a..-
51 0.0 1.44 5.89 6.758 0.0 0.
52 0.0 6.62 7.00 9.218 0.0 0.

45 3%9227 -10.0155 0#0195E-06

27 14.3 34.7 117.8 2660.0 1218.
27 0.1717r-06 03.1866E-06 00.10 F-05 0.0

28 13.75 2540 110. 4790. 4050.
28 .674E-7 .8915E-7 .SE-6 0.0

Figure 25. Sample output for R-32 Torsional Response.
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_-IP .0 15 009-fO4 ,3200D -01 .,0 •495,00-41U--&!--v,3&0000-01--. O--

13 '1.0 0.32o000 01 0.*45000 01 0.530000 01 0.o60000 01 .0
14 V.o 0.750000 00 0.700000 01 0.700000 01 0.0 0.0

.-- A 5-----05 •." •'-3"'-"-'0--. 1PP~909-91--0 v&"| 00 0 [0 f4'e v} 14r00 O"--0" 9-&'••04-0•-'4-- ,9----

16 0.723000 02 0.0 0.0 0.0 0.0 0.0
17 0.2169J00 A0 0.950000 00 0.860000 00 .8660000 00 0.520000 00 0.0

---- 10-- 0•. •930W" 9---n.1 OD --01 -0.250000 01 -0. 250000--1---0-2 14040--01-----.
In kl.12'300 00 0.0M000) 01 0.640000 00 0.640000 00 0.500000 00 0.0
20 0.174000 00 0.340000 01 0.440000 00 0.64000D 00 0.500000 00 0.0

--- 2•1,-- , -' W9#•-.-0-i--- 4 -4 0 09$i-#l-- , 0.&0o000I,--01 --0. .&.3 o0*-#1.--#--4#- 0.- 0&.-0-.0-,, 0 ---

22 0.2A2000 02 0.-30000 00 0.360000 01 0.560000 01 0.0 0.0
23 ff .0 0.250000 O0 O.*41000 o1 0.4iooor0 0 0.0 0,0 S
P- ,4 -- 0 *a. . . •,7 •0 00--0.4S0000 -01, -.0 .4304000-4-0--.0 .,

25 O.56ROOD 03 0.10000 01 0.600000 01 0.6000! ) 01 0.0 0.0
2 - 0.0 0.239000 01 0.600000 01 0.6000. 0 01 0O. 0.0
2.-- 7 -.--A• V49-- -4 . . ... .-0.0.-00.0
2p 0.1) 0.0 0.0 0.0 0.0 0,.0
20 0.0 0.701000 01 0.690000 01 0.690000 01 0.610000 01 0.0

-..... n *-.g-------•. -Q1l,000-02--0.58R6001) O|-O*60o&0Q0---0,--O-.-.47-0OOU--O1 -0.9,.0-..

31 0 .0 0.115(0l j t,2 0.51300D 01 04530000 01 0.31000 01 0.0
32 n.214871 04 90.795500 01 0.562500 01 0.112200 02 0.325n00 01 0.0

34 0.0 0.2o0000 01 0.109190 02 0.109190 02 0.0 0.0
a' 35 0.0 0.108800 02 0.817800 01 0.900000 01 0.0 0.0- -.5-0.51t.730 "_5-0&214!0b0.C2 0,,162500 02 4.i18254rx-o12--••l 2.D O -

37 0.516730 05 0.157500 02 0.817800 01 0.900000 01 f0.O 0.0
30 0.0 0.30000D 01 0.825000 01 0.825001) 01 0.0 0.0

-_-.•--.O --. I-o o0IO.-933300 01 0.93300 .lk-.n. .0
4D -.0 0.46200D 01 0.975200 01 0.127970 02 0.0 0.0
41 0.0 0.153000 01 0.698500 01 0.698500 01 0.0 0.0

_ 42.• .-0. 0 .0300D 01 -0.748 300 01 3.104330fl.--0..-0 ....... -0.0 -_.-.........
43 0.0 6*69000t nO 0O.H82500 01 O*P.25000 01 0.0 0.0
44( r5. ,l.100000 01 0.119000 02 0.115000 02 0.0 0.0

-- di5 ni -•.' I3LL _. ...... a0. .. .. . 0.. 0 -_ -0.. . -

IU 1.0 0.14000D 01 0.583400 01 O.583400 01 0.62'000 00 0.0
47 P.0 0.260000 01 0.b30000 01 0*934250 01 0*0 0.0
.4 *f 00 ........-- O0-6,9000L).40 .0.104000 01 0.7044M0a-OL..... ... 0.0
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q9 (1.0 0*67009D 00 0.90fl000 01 3.9D0000 01 0.0 0i.0
5n 4J."23471) D5 0.117500 02 0.00200f) 01 0.200000 02 0.0 0.0 ___

50? 0.0 0.66200D 01 0.700000 01 0.92180D 01 0.0 0.c1*13 0.727860 06 0.0 0.0 0.0 0.0 0.0

*:.IN(,L[ RFOUCTION GEAR DATA

STA £040 SfT RA)Il (IN*) COMqeJNrD TANGENTIAL COMPLIANCEEý

16 0.o3 2 01001) l1-9 #56 29OD001 0.o112 t;e n- n
49 0.352270 02-0.100161)02 0.15.1900-07

PLANETARY SET DATA

A-MD -F.--~ *. -PLANET- . ---- ____

NrO. PL AHET!S 9AOIUS414) RAD1U!( IN)
27 li.410000 01 0.240000 01 0.390000n 01

STA WCIG"TIuLB POLAR MASS MOMENTS OF INERTIA (LBS-IN..2)
No. PLANET SUN PLANET RING CARRIER

S27- 0.14340n 42-O,4-14JOW02 9*117~000 03 .0O4-.2-Ng-4--.------.

STA COMPLIANCF- LINEARfIN.1L4) C04-ANGIRAD/LB)
-- 40 -SIM-A--P.A~Ii-416-LA.-AR* -----------4N4-6o4uti---

27 0.17170-06 0.19660-00. 0.100O0-05 0.0

F T& .- NO. QF--..-- -SUiN---------PLANET.....

Nol. PLA4FTS R ADIUS(IN) RADIUS( IN)

STA AFIGiHT(LF) POLAR MASS M04ENTS OF INERTIA lLBS-INs62)
NO. PLANErT S UN PLANET KING CARRIER

*--29 O~3-4 -- 4-p4P%4A0-fls 0.110000 03 . 4#-..05G-4------I

STA COPPLTANCE- L1NEARIIN.ILB) COM-ANG(RAD/LB)

2A 0.07400-07 0489150-07 0.50000-06 .1.0

fAR VND COMMON

46 50

* SINGLE REDUCTION GEAR- LINEAR EXC1TTh!0N IIN.)

If 0.117F66' C03 01.263510-0* 0.0

-COMPUTED RfSP3WrEEAT-SINPLt -rArh SVT

STA TANGENTIAL TOOTH FORCE 4LBS)

45 0.2n13050 02 0.0

CO!
4
PUTEU RtEsPONsL AT PLANETARY GEAR SETS

.174 SUN-PLANrt RING-PLANE1
No. REAL IMAGINARv REAL IMAGINARY

27- 0.12.70ki n1 0.0 -....- 0,643170r 0009
2R ý0.30210-01 n1.0 -0.216070 00 0.0

1.29



Computer response at each planetary gear stage - LEC, Cl, C2,

C3, C4

where LEC - Station number identifying the planetary gear
stage.

Cl - Real component of the dynamic tangential tooth
force developed at the sun-planet gear mesh, lb.

C2 - Imaginary component of the same force, lb.

C3 - Real components of the dynamic tangential tooth
force developed at the planet-ring gear mesh, lb.

C4 - Imaginary component of the same force, lb.

This program R-32 is written in FORTRAN II - extended and may
be compiled with FORTRAN IV. In the source deck listing shown
in Appendix D, the READ and WRITE statements are written with
the variable NR = 5 to specify the standard reading unit and
the variable NW = 6 to specify the standard writing unit. To
recompile the program for any nonstandard computer, introduce
the required unit numbers, making the necessary changes on the
cards as noted in the listing.

In addition to the controlling portion of this torsional
response program, named TORRP, there are other subroutines.
One, named PLNST, treats the planetary stage. Another, named
MATIN, performs the matrix inversion that solves the simulta-
neous equations of the PLNST subroutine. Another, named BLOOP,
applies to the branch treatment. The others, named CDIV,
CDIV2, PANGF, AMPF, CAD, CSUB and CMPY, perform arithmetic
operations.
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COMPLEX STRUCTURAL DYNAMIC ANALYSIS COMPUTER PROGRAM
USING STIFFNESS METHODS (D-82/C-51)

PROGRAM DESCRIPTION

Program D-82 calculates the natural frequencies and mode
shapes of a complex structure composed of axial members, skins
(membrane triangular), and beams. The program builds a stiff-
ness matrix on tape of maximum order 3000 utilizing up to 5000
structural elements and 999 node points and 3 different
materials. Using matrix arithmetic and assuming lumped masses,
the stiffness matrix is reduced to a matrix of order 215. The
dynamic matrix is formed using the masses, and natural fre-
quencies and mode shapes are found. The program is corrpletely
general and may be used for most types of elastic systems.
Axial, torsional, and bending motions may also be coupled by
skewing the beam orienting node.

The input is composed of node points and their coordinates,
structural elements including axials (areas), skins (thick-
nesses) and beams (moment of inertia, torsional moment of
inertia and shear area), and masses for all degrees of freedom.
The output includes the printout of the input, the initial
gross stiffness matrix, the reduced stiffness matrix, the flex-
ibility and dynamic matrices, and the eigenvalues and eigen-
vectors (natural frequencies and mode shapes). The mode shapes,
as an option, may be used to calculate the damped forced
response using program C-51. Vibratory loads are also calcu-
lated.

The C-51 program is a normal mode solution method which cal-
culates vibration levels from external harmonic loads. In the
solution, the natural modes from the D-82 analysis are used
as generalized coordinates for representing the dynamic system.
By simulating structural damping, the resulting second order
nonhomogenous differential equations are solved. From these
equations the program computes the response for each mode for
sine and cosine forcing functions and obtains the total
responses by a summation of the modal contributions. The
maximum number of degrees of freedom is 215 and the maximum
number of mode shapes is 30. The input of C-51 is in a
standard loader format so that various cases may be run simul-
taneously and consists of a D-82 mode shape tape, exciting
frequency, the eigenvectors desired, modal damping, and phased
oscillatory forces and moments. The output of C-51 consists
of a listing of the input plus the exciting frequency,
forcing frequency ratios, amplification factors, modal phase
angles, modal amplitudes, sine/cosine components, the
resultants, phase angles and the "G" loading. In addition,
vibratory forces and moments are calculated.
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PROCEDURE FOR PREDICTING DAMPED FORCED RESPONSE

Helicopter vibration traceable to rotor excitation is of pri-
mary concern in the analysis of the airframe. Much effort has
been expended on the development of computer techniques which
assist in the design of structures with acceptable vibration
levels. These procedures, initiated for the structure, are
also applicable to the transmission system. The Unified Struc-
tural Analysis (or Damped Force Response) Computer Program
(D-82) developed by J. Sciarra for the dynamic analysis of a
helicopter fuselage has been extended for this purpose (Ref-
erences 17 and 18).

This program is capable of calculating the dynamic characteris-
tics for a large complex structure. A typical helicopter
transmission analytical model contains many structural ele-
ments, and the important elements of any analysis are:

1. Generation of a finite element structural idealization
and discrete mass model.

2. Formulation of the internal components system stiffness
matrix.

3. Reduction in the stiffness matrix of the unloaded nodal
degrees of freedom to the loaded nodal degrees of freedom
(mass points).

4. Dynamic matrix generalization combining mass and stiffness
properties.

5. Determination of eigen solution.

6. Calculation of dynamic tooth loads from system torsional
response analysis.

7. Formulation of dynamic equations and determination of a
nodal representation of the transmisjion.

8. Solution for the damped response to be associated with
the vibratory tooth loads.

17. Sciarra, J.J., A COMPUTER METHOD FOR DYNAMIC STRUCTURAL
ANALYSIS USING STIFFNESS MATRIXES, Journal of Aircraft,
Vol. 6, No. 1, January-February 1969.

18. Sciarra, J.J., USE OF THE FINITE ELEMENT DAMPED FORCED
RESPONSE STRAIN ENERGY DISTRIBUTION FOR VIBRATION REDUC-
TION, Presented at the ARO-D Military Theme Review, The
Helicopter and V/STOL Aircraft Research Conference,
Moffett Field, California, September 1972.
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The damped forced response of a multi-degree-of-freedom sys-
temr is the normal mode solution to the following matrix
equation:

[~f ii + [C]~ c + [K]~x X {F.} sinfllt

+ f~JcoS.Ot (63)2

where = mass matrix

[C] = damping matrix

[K] stiffness matrix

= sine or cosine component of the exciting

fc ~c1 loads - lb, in.-lb

IX} = displacement-inches, rotation-radians

Al exciting frequency - rad/sec

t = time - sec

It is well known that the solution of the previous equation is

{ X = X~} sini~t + {Xc} cosrLt.

where1X•,Xc= sine or cosine components of the
Lý -4J displacement (or rotation) of the

nodes of the structural element,
inches, radians

Stiffness Method

Consider a complex structure, i.e., a transmission system,
which for analysis will be idealized. Thus, junction or node
points are selected where structural members meet, and such
points will possess six degrees of freedom. Assume these
latter members to be axial (resisting tension or compression),
skin (resisting shear), and beams (opposing bending), such
that each element contributes stiffness to the node at which
it is attached. If forces or moments are applied to this
structure, deflections or rotations will occur. The resulting
set of simultaneous equations represent continuity and equi-
librium of the collection of junctions and may be written as

n
Fi = Y Kij Xj (i= 1.2,ooo,.,n)

j= 1
where n = number of degrees of freedom.

or, in matrix form,
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{F} [ K]{ýX} (64)

From physical consideration it may be shown that

Kij = i.

Dynamic Considerations

From equation (63), we may obtain the differential equations

expressing the undamped free vibration of a system; thus,

[]{ + [K]{x) o (65)

Assuming a harmonic solution, it may be shown that equation
(65) may be reduced to the form

LM_ l A f {X} = 0
where,?= natural frequency squared (eigenvalue)

Utilization of the M-1 K - matrix to ascertain the eigenvalues
is cumbersome and numerically unpredictable; hence, an artifice
known as reduction is employed to circumvent this difficulty.
Partitioning equation (64), we may write

rF1 .11 K2 X1(66)
F ~K2 1  r2 I 2

Then by lumping masses and moments of inertia at only "FP"
degrees of freedom, the inertia forces and torques at the
"F 2 " degrees of freedom are zero; equation (66) may be shown
to yield

{FI =. [K11 - K1 2 K2 2 -1 F2]

This technique, known as the reduction process, still admits
deflections and rotations at the X2 ,,, and all stiffness con-
tributions of the original K-matrix are included at the loaded
nodes. However, the procedure yields a smaller dynamic
matrix from which the system eigenvalues and eigenvectors are
obtainable.

The collection of eigenvectors arranged in columns is called

the modal matrix, [•] ; hence, we let
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4

fXj IjJa (67)

where f modal weatrix (of order j by i)

a modal displacements in row "i"l

Then, by using equation (67) and premultiplying equation (65)
"by the transpose of the modal matrix, we have

Assuming a harmonic solution, we find the matrix form of
Rayleigh's quotient,

Z 14 K (68)

Now, if the eigenvalues are distinct, it may be shown that

1T M is a diagonal matrix. This diagonal matrix is called

the effective mass matrix and by definition,

Meff 14 m ( a diagonal matrix ) (69)

Substituting equation (69) into equation (68), we have
4K =,MZeff Keff

where Keff = effective-stiffness matrix (a

diagonal matrix)

Damped Forced Response due to Phased Excitation

Equation (63) represents the matrix equation for a complex
structure. Premultiplying this equation by @T and introducing
equation (67), we obtain

[TM f j + [T Cjf;}÷[42 Kg] a}

-{Y F} s~in x +{T Fc COS J*t (71)

Assuming modal damping, we may write

1ýT C = C2 ]i Meff Xl/2j =LCeff]i (72)

where 4i critical modal damping coefficient

Ceffi effective-damping matrix (a
diagonal matrix)
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Further, let us define

rF fý~T \sjeff s) VF

{_ = F (73)

Substituting equations (69), (70), (72), and (73) into equation

(71), we have

[Meff {5 + [Ceffi] aij + ýeffJ-}

{Feff} sinflt +{Feffci COSA t (74)

If it is assumed that the undamped natural frequency equals the
damped natural frequency, because of small structural damping,
and since equations (67), (70), and (72) are diagonal, then
equation (74) represents a set of uncoupled, second order,
differential equations.

It may be shown that t- solutions of equation (74) are given
by

'aj} = {Gi} sinAt - {li} cosA t (75)

where ýGiý ýRsi Cos0i+ R., sinl~

{Hi} = {Si sin - Rci Cos COS

Rsi i Fsi / Keffi

Rci= i Fci / Keffi

i = TAN 1  [2 43 i/ (1-1i32

2 1/ (-Ai 2 ) + 22 i/i iV2
-I'.,

Therefore, by equations (67) and (75) the rotations and dis-
placements are expressible as

IXil = pjl sinJit-{S cosA t (76)

where P = Gi

Sj H
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Employing trigonometric relations, equation (76) may be
written in the form,

{x1 2= {(p2j + Gi 2 1/2 sin (At-")}

where?( j = TAN (Sj /P.)

To complete the analysis of the internal components, the total
displacements of the structure are found corresponding to the
dynamic tooth forces. These loads are determined by the tor-
sional response computer program TORRP (R-32), in which the
exciting frequencies are taken to be multiples of the mesh

* frequencies.

COMPUTER MODELING OF DYNAMIC COMPONENTS

Modeling of the dynamic components of the system is an in-
volved, lengthy pro.-lure. It is important to remember that
growth and improvel.-. should be provided for in the develop-
ment of the model. T±e procedure for modeling shafts in the
Unified Structure Analysis Program (D-82), which is a finite
element analysis, is outlined below:

1. Shafts are divided into small cylindrical sections, and
the lengths of these sections are determined by the varia-
tion of the shaft diameter. Conical sections are also
divided into small cylinders which vary in a discontinuous
manner.

2. Physical properties (mass, inertia, cross-sectional area,
etc.) are calculated for each individual cylinder.

3. Masses and polar moments of inertia are averaged between
adjacent stations, if computer capacity allows; otherwise,
an equivalent mass and inertia are fixed to selected po-
sitions along the shaft length.

4. Gear meshes are represented by four masses located at the
appropriate pitch diameter. It is iMportant, however, that
the mass concentrated at the gear nodes be representative
of the actual mass distribution. These masses are con-
nected to the main shaft by beams exhibiting elastic
properties similar to the actual gears. Additional beams
are provided to insure that the four masses remain at equal
distance from one another.

5. Radial stiffness of bearings is included in the analysis
by pairs of linear and torsional springs. To allow for
nonuniform stiffness characteristics, two mutually per-
pendicular springs of different stiffness are required at
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each bearing location. Thrust stiffness is represented
by a linear spring acting in the axial d-rection. These
stiffnesses are a function of torque and ,ere calculated
on the basis of a scheme developed by A. B. Jones (Refer-
ence 19).

6. Contacting gears are represented by a spring exhibiting
an elastic behavior similar to the tooth stiffness as cal-
culated by Computer Program GGEAR (R-67).

7. A synchronizing shaft is modeled as a torsional spring de-
termined by the geometry of the device.

8. Existence of planetary stages is represented by a torsional
spring whose stiffness is extracted from the Computer
Program TORRP (R-32).

9. The four planets of the lower stage planetary system are
depicted by four equally spaced linear springs. Stiffness
of these springs was determined to be approximately one-
half of the calculated carrier post stiffness.

This model, developed for the CH-47 forward transmission, is
illustrated in Figure 26. The necessity of coupling the shafts
was dictated by comparative analysis of the experimental and
initial analytical results,

19. Jones, A.B., A GENERAL THEORY FOR ELASTICALLY CONSTRAINED
BALL AND RADIAL ROLLER BEARINGS UNDER ARBITRARY LOAD AND
SPEED CONDITIONS, ASME Paper 59-LUB-10.
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PROGR7M USAGE - INPUT PREPARATION

There are four basic dynamic analysis input sheets:

* Control Numbers - Figure 27

e Coordinates and Nodal Boundary
Conditions (Action Table) - Figure 28

* Structural Elements (Sat Table) - Figure 29

* Masses and Mass Moments of Inertia - Figure 30

Figures 31 and 32 are used for the damped forced response.
Assuming that the idealization of the structure is complete,
fill in the control cards (Figure 33) as follows:

* Input the title in the header block.

" Count the number of nodes and enter with decimal in
the block "it nodes". The maximum number of nodes and
the maximum number allowable for a node number is 999.
This count must be correct.

o Count the number of different structural elements
and enter with decimal in the block "I SATS". The
maximum number of structural elements is 5000. This
count must be correct.

" Count the number of retained degrees of freedom for
the node points. This corresponds to the number of
"2's" in the action table input sheets. The maximum
number of retained degrees of freedom is 215. This
count must be right. Each retained degree of freedom
must have a mass or mass moment of inertia associated
with it.

"* Count the number of reduced degrees of freedom and
enter in "If REDUCED" box. This corresponds to the
number of "l's" in the action table input sheets.
The sum of the reduced and retained degrees of free-
dom must be less than 3000. If a nodal degree of
freedom is reduced, the node will be allowed motion,
but there will be no mass or moment of inertia for that
particular degree of freedom. The count of the number
of reduced degrees of freedom must be correct or the
program will fail.
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D-8 2

Engineer INPUT SHEET Page

Date CONTROL NUMBERS

SCIARRA/WOLFINGER USA METHOD

TITLE CARD PLEASE PUNCH

[7 72]

0001 # NODES (MAX. 999.) .

# SATS (MAX. - 3000.)
0 RETAIN D.O.E.'S (MAX. - 215.)

# REDUCED D.O.F.

# MATERIAL CODES (MAX.-=3.)
0006 MAX. NODE # (HAX. - 999.J

YOUNG'S 4MDULUS 1ST MATERIAL
YOUNG'S MODULUS 2ND MATERIAL

YOUNG'S MODULUS 3RD MATERIAL

.. PO•SSON'S RATIO IST MATERIAL

0011 POISSON'S RATIO 2ND MATERIAL
POISSON'S BATIO 3RD MATERIAL

SVARIATONS (MASS) 1.

# MAScS GROUIPS

0016 SCALE FACTOR
SAVE TAPE (.,=YES 0.=NO) NOTE: MAKES 2 TAPES

0018 PRINT STRAIN ENERGY (1,=YES) 0.
,7mrECAL = EENTS 01

I_.-DON'T PRINT INPUT 0.

0021 ,.-DON'T PRINT FULL K 0.
I.iDON'T PRINT REDUCED K 0.

CALCULATE EIGENVEC'IVRS > THIS.

0026 1. - FLEXIBILITY MATRIX Fl K -L

__ _ _ tflD 2_ 1 "-- C,1 Only ,,_ _

______ROW NORMALIZ..n TO UNITY____

Figure 27. Input Sheet - Control Numbers.
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D W E D jOC D R S O S

0048
0001 Qi RAD/SEC 0049

0002 1. 0050
0003 0051
0004 0052

0005 1CGVE CT0LC 00530006 DE IRED 0054
0007 "055
0008 0056
0009 0057

0010 0058
0011 0059
0012 0060
0013 0061

0014 0062
0015 0063
0016 0064
0017 0065
0018 0066 1.
0019
0020
0021
0022 88808 (LAST CA•.)
0023
0024
0025

0026
0027

0028
0029
0030"0031
0032
0033

0035 - CRITICAL
0036
0037

* 0038
0039

0041

0045004A

Figure 31. Damped Forced Response Parameters.
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PHASED EXTERNAL EXCITING LOADS F P SflQt + F COSfltS C

F

SINE

COMPONENT (F6) ,

(lbs or inch/lbs)
maximum of 215.

88888
r

C

_____ _ COS INE
COMPONENT (F ",

maximum of 215.

88888

Figure 32. Exciting Loads.
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D-82

Engineer_________ INPUT SHEET Page

DateCONTROL N1UMBERS

SCIARRA/WOLFINGER USA METHOD

TITLE CARD PLEASE PUNCH

S CJIARR A TEST CA'E 72

000 ANODS (MRO.999S

001 PRETINT STRAIN ENERG 215.Y) 0

- # MATERIAL COELMNS _______.

0021 l. mo~uruPR1NT FULL IA K30. E
Y'OUNG'S PRINTU REUCD KAT0.A

YOUNG'SAT MODULUCTS 3R MTERIS. 0.

0026 1.S5N' RATXIIOI 2ANRD MAEI

ROO 16 ~ A~ SCOL FACTOR

0igur 33 Input SheetN ENRG Contol 0.bes

1.=DO'T PRNT INUT47



In locations 5 and 6, numbers indicated on the input sheet
are used. In location 7, enter Young's modulus. "E, notation
may be used. In location 10, enter Poisson's ratio. In loca-
tion 14, enter the number of eigenvectors desired (maximum of
30). In location 15, enter the number of mass points. Loca-
tion 25 is the lower bound for the eigenvalues for which
eigenvectors are desired. Location 26 is the indicator for
forming the inverse of the stiffness matrix. Locations 13,
16, 17, 18, and 31 are to be input as indicated on the input
sheet. All other input quantities are ignored for the present.

The second input sheet (Figure 34) is the "AT" or action table.
In columns 1 to 3 enter the node number (maximum number is 999).
If the node number is "5", enter as 005. In columns 4 to 33,
enter the x, y, and z coordinates of the node point. Use a
decimal point. In columns 34 to 39, enter the boundary condi-
tions for the node point as follows:

"e "0" means delete the degree of freedom. This means
no motion is allowed for that particular degree of
freedom. It also means no rotation in the case of a
node point connecting only by axial or skin members.
It is also used for degrees of freedom associated with
beams oriented in some specialized direction. It is
also input for nodes used only for orienting beams,
but with no structural duty.

* "l" means reduce the degree of freedom. This means
that no mass or moment of inertia is to be associated
with that particular degree of freedom. Howeverl
motion will be allowed and the element stiffness will
be merged into the final retained matrix.

"* "2" means retain the degree of freedom. This implies
that a mass or mass moment of inertia will be associated
with that particular degree of freedom.

The order that these boundary conditions are input is x, y, z,

0x, 0y, and 0 y. The last three represent rotations about the

respective axes.

The third table (Figure 35) is the "SAT" (Structural Assenblage
Table) and is filled out as follows:

* In Column 3, put "2" if the element is an axial memter,
"3" if a skin (triangularl element, and "4" if a beam
element.

a In columns 4 to 12, insert the node nwabers associated
with the member, If it is an axial (stringer) elemen,,
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these would be the two end nodes only. Leave the last
node box empty. If the member is a triangular (shear
panel) element, input the three node points. If the
member is a beam, input the end node points of the
beam. In the third box for the beam enter an orienting
node. The two end node points define the i - axis
(neutral axis) of the beam. The orienting node point
defines the z - axis of the beam. They- axis would
be perpendicular to the i - • plane.

* For an axial member, insert the cross-sectional area
in columns 14 to 23. Leave columns 24 to 43 empty.
For thp skin member, input the thickness resisting in-
plane shear ts, the thickness in the x-direction (from
node 1 to node 2) tR, and the thickness in the ý direc-
tion (perpendicular-to the S direction) t-. For a beam,
input tne moment of inertia about the xis, I-,
the torsional moment of inertia about the R - axis,
J-, and the cross-sectional area effective in resisting
s~ear, Aw.

w

The fourth input sheet (Figure 36) is for the masses or mass
moments of inertia that are associated with a retained degree
of freedom. In columns 1 to 4, input the node number. For
example input 0125, 0001. Note that 4 digits are used. Col-
umn 5 is skipped. Columns 6 to 65 have room for 6 numbers or
6 degrees of freedom for any node. Use decimals. If less than
6 degrees of freedom are associated with a node point, only
input masses or moments of inertia for the exact number of de-
grees of freedom. Move all numbers to the left. For example:
0023 1. 10. might be a mass in the x - direction and
a moment of inertia about the z - axis for node 23. The num-
bers 1. and 10. would appear in blocks 1 and 2.

In order to calculate the damped forced response, sheets 5
(Figure 37) and 6 (Figure 38) are used.

On Figure 37, location 0001 inputs the exciting fre-
quency. Repeat this number in location 0003. In locations 5
to 34, enter the number of the eigenvector desired (e.g., 1.,
2., 3., 4. for the first to fourth modes). In locations 35 to

m • 64, input the assumed modal damping for each mode (e.g., 0.03).

On Figure 36, input the external sine and cosine
loads. In the. first column, input the row number of the degree
of freedom being excited (e.g., row 0017 for exciting node 10
in the x -- direction). This corresponds to the location in the
stiffness matrix of the degree of freedom involved.
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DAMPED FORCED RESPONSE

0048
0001 6 a'. q RAD/SEC 0049

0002 1. 0050
0003 Ca 2. o0051

0004 0052

0005 1. IGENVECTORS 0053
0006 2. DE IRED 0054
000
0008 0056

0009 57 0057

0010 oo0058
0011 0059
0012 0060

0013 0061
0014 0062

0015 0063

0016 0064
0017 0065

0018 0066 1.
oo19
o0020o

0021
0022 8888e (LAST CARD)

0023

0024
0025
0026

0027
0029
0029
0030
0031
0032
0033
0034 _

0035 0 2- - CRITICAL
0036 2 0"2-- DAMP N
0037 10 L

' 0038 .0 2-

0040
0041
0042
0043
0044

0045
0046
Qn47

Figure 37. Damped Forced Response Parameters.
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,A'AM P46'61__

PHASED EXTERNAL EXCITING LOADS - F SINnlt + F COSjtS C

F

-OZ /). Node 11 Z

SINE
COMPONENT (F3) ,
(lbs or inch/ibs)

maximum of 215.

F
C

COSINE
COMPOtENT (FP),

maximum of 215.

NOTES: 1. For static deflection use
Fc only and set F.'s and
A_ to zero.

2. After this run, these loads
88888 are erased and must be

input again for subsequent
runs.

Figure 38. Exciting Loads.
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PROGRAM OUTPUT

The output data generated for the test problem from program
D-82/C-51 is shown in Figure 39, along with the input datapreviously described. In addition to the above data, program

D-82/C-51 will produce a tape of mode shapes containing modal
information for the transmission internal components which is
used as input into program S68. A listing of the actual in-
ternal components shafting model is shown in Figure 40.
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Figure 40. D-82/C-51 Model of Internal Components.
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NASA STRUCTURAL ANALYSIS PROGRAM - NASTRAN (S-70)

PROGRAM DESCRIPTION

NASTRAN employs a lumped element approach, wherein the distri-
buted physical properties of a structure are represented by a
model composed of a finite number of idealized elements that
are interconnected at a finite number of grid points. Loads
are applied at these grid points, and all input and output
data pertain to the idealized structural model. The steps in
the definition and loading of a structural model are summarized
in Figure 41.

The grid point definition forms the basic framework for the
structural model. All other parts of the structural model
are referenced either directly or indirectly to the grid
points. A geometric grid point is a point in three-dimensional
space at which three components of translation and three
components of rotation are defined. The coordinates of each
grid point are specified by the user.

Various kinds of constraints can be applied to the grid
points. Constraints are used to specify boundary conditions,
including enforced displacements of grid points, or to specify
a linear relationship among selected degrees of freedom.
Omitted points are used as a tool in matrix partitioning and
for reducing the number of degrees of freedom used in dynamic
analysis.

The elemental structural element is a convenient means for
specifying many of the properties of the structure, including
material properties, mass distribution, and some types of
applied loads. Structural elements are defined on connection
cards by referencing grid points. Generally, connection cards
refer to property cards on which the cross-sectional properties
of the element are specified. The property cards in turn refer
to material cards which define the material properties.

The extensive computer-generated plotting capability available
in NASTRAN has been used to plot, the undeformed structural
model and has provided fc.r visual. inspection of the model to
chec'k-out and debug the input data. Plots of the deformed
structurýe have also been obtained to provide mode shape
definition.
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Figure 41. NASTRAN Structural Model Procedure.
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PROGRAM UTILIZATION - CHECKOUT AND CORRELATION WITH SIREN
TEST DATA

A cylinder has been modeled by Boeing Vertol using NASTRAN
with the intent of determining the feasibility of using NASTRAN
to dynamically analyze cylindrical shells. Since a survey of
the literature indicated the lack of any other analytical model
to correlate with the NASTRAN results, siren tests were con-
ducted on an actual cylinder. Correlation was obtained after
study through the use of a particular detailed analytical model
of the cylinder, and it was concluded that NASTRAN was feasible I
to use. The results of the uniform cylinder test are sum-
marized below.

A steel cylinder 6 inches high, 5.75 inches in diameter, and
with a wall thickness of 1/8 inch was excited with the Boeing
Vertol siren and its natural frequencies were measured. For
comparison and correlation, a NASTRAN model was made of the
test cylinder using three different mesh sizes. The model was
comprised of homogeneous quadrilateral plate elements and was
assumed to be a free-free body. A plane of symmetry was used
to reduce the number of grid points to reduce computer run time.
Grid points off the plane of symmetry were allowed inertial
properties only in radial, azimuthal, and vertical directions.
Rotations were omitted. The spacing between grid points was
varied as 45, 22.5, and 10 degrees, and the model was eight
plates high for each of the three spacings (Figure 42). The
compute- execution time for the various configurations is in-
dicated by Figure 43.

The natural frequencies predicted by NASTRAN (Rigid Format 3)
were compared to the experimentally measured frequencies.
Good correlation was not obtained in the frequency range ui-
to 3000 Hz until the grid spacing was reduced to 10 degrees.
Table 7 and Figure 44 summarize the predicted and measured
frequencies, and the first six mode shapes predicted by NASTRAN
are shown in Figure 45.

An analytical solution for a uniform disc, vhich served as a
second test case, is also available in Tirnoshenko. This was
also modeled by Boeing Vertol using NASTRAN. The second dia-
metral mode is shown in Figure 46. The reason for this cor-
relation study was to justify the use of NASTRAN as a design
tool for the dynamic analysis of turbine discs such as those
used in the T55-u-±IlA gas turbine engine. The results of the
Timoshenko analysis of the uniform disc compared well with
the NASTRAN prediction. Figure 47 shows correlation of NASTRAN
versus test for the third stage bolted turbine disc.
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9 = .286

S• E =30 x 106 PSI --

t = .25"

Figure 46. NASTRAN Plot of Disc (2-D Mode).

MODEL WO. MODEL MODEL MEASURED
#1 #2 DATA

ATTACH KE- I T E

BOUNDARY CONDITIONS TO TWO REE ST)
SHAFTS FE

MODEIo MODEL MODE SHAPE CPS CPS CPS
No. NAME

FIRST

1I DIAMETRAL 291 315

FIRST

2 CIRCUM- 361 776
FERENTIA1,

3 SECOND 415 362 400
DIAME••RAL

4 THIRD 907 895
DIAMETRAL

Figure 47. T55-L-11A 3rd Stage Bolted Turbine Disk
NASTRAN Natural Frequencies and Mode Shapes.
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STRUCTURAL ANALYSES INPUT LANGUAGE PREPROCESSOR PROGRAM
(SAIL II)

The contractor has developed pre- and post-processor computer
programs compatible with NASTRAN to improve its utility. One

Vi of these is a sophisticated finite element input capability
for use with NASTRAN entitled SAIL II (Structural Analyses
Input Language). This preprocessor allows the user to take
"advantage of any pattern which occurs in the data by making
available straightforward techniques for describing algorithms
to generate blocks of data. Grid points and element connections
may be generated. This program, although proprietary to the
contractor, has been utilized and is available for purchase
by industry. An alternative for nodal generation and/or connec-
tivity would be user generated WATFOR computer programs which
would punch out the NASTRAN input bulk data cards. Although
the contractor has chosen to use SAIL II and feels that this
program is more versatile, other users of NASTRAN can conduct
the same work by the alternate method. The Boeing Vertol
SAIL II computer program is compatible for use with NASTRAN
Level 16.

For this contract, NASTRAN Level 15.5 was specifically used.

HELICOPTER TRANSMISSION HOUSING ANALYSIS (INCLUDING COMPOSITES)

In order to determine the dynamic or stress characteristics
of the CH-47C forward transmission housing and to evaluate the
use of various composite or isotropic materials, a finite ele-
ment model of the housing, ring gear, and upper cover was con-
structed and analyzed. The modeling and analysis consisted
of the following items:

1. Establishment of the grid point network to define the
housing structural model.

2. Definition of the structural element connections and
section properties of transmission housing. The housing
was assumed in parts to be axisymmetric, and automatic
node generation and structural connectivity computer
programs were employed to generate the full transmission
housing (e.g., SAIL II).

3. Definition of material properties of anisotropic or
*4 .. isotropic transmission housing by computing equivalent

orthotropic material properties using an existing NASTRAN
preprocessor (S-71, Point Stress Laminate Analysis)
(Reference 20). This same computer program (S-71) may be
used after the NASTRAN analysis as a post-processor to
obtain interlaminar and laminar stresses iii transmission

20. Reed, D.L., POINT STRESS LAMINATE ANALYSIS, Document
FZM-5494, Prepared for Advanced Composite Division, Air
Force Materials Laboratory, WPAFB, Ohio, April 1970.
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housing areas of highest st-aiin. Figure 48 illustrates
the lamina or layer coordinate system (1-2) which is
transformed by S-71 to the laminate (X-Y) axis system.
In Figure 48, the resultant stresses and moments of the
laminate are shown. These represent a system which is
statistically equivalent to the stress system that is
acting on the laminate. The notation used in computer
program S-71 for a particular lamina within a laminate
is also shown in Figure 48. The program will accommodate
up to 400 layers. Tne equivalent material properties of
the lamina may be calculated for the laminate. These
would be used as input for the NASTRAN analysis. Also,
a point stress analysis can be performed anrl thermal loads
may be calculated. Lamina stresses and interlaminar
shears can also be calculated.

4. Establish appropriate constraints for the 6 degrees of
freedom at each grid point.

5. Optimize grid point sequencing and matrix bandwidth for
"efficient computer execution (BANDIT).

6. Plot and debug structural model.

7. Define and apply dynamic loads (bearing reaction) to model.

8. Run dynamic analysis (NASTRAN Rigid Formats 3 and 11) to
predict dynamic deflections and loads.

optimization techniques using a strain energy density approach
have been developed to identi~y those areas of the housing
which are most sensitive dynamically. The analysis as it is
being applied to the CH-47C rotor transmission is outlined
below.

The Boeing Vertol CH-47 forward rotor transmission housing is
composed of three major sections: upper cover, ring gear,
and case (Figure 49). The upper cover provides lugs for
mounting the transmission to the airframe and transmits the
rotor system loads. The case contains and supports the main
bevel gears. The ring gear, which connects the upper cover
and case, contains the planetary gear system. This natural
division of the housing was adhered to for ease of modeling.

The geometric grid points for the model were defined from
design drawings and by cross-checking on an actual housing.
CQUAD2 (Quadrilateral) and CTRIA2 (Triangular) homogeneous
plate (melmbrane and bending) elements were used t.o connect
the grid points and build the NASTR1AN structural model. A
Boeing Vertol preprocessor program (SAIL II - Structural
Analyses Input Language) for the automatic generation of grid
point coordinates and structural element connections was used.
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This preprocessor allows the user to take advantage of any
pattern which occurs in the data by providing straightforward
techniques for describing algorithms to generate blocks of
data. The extensive computer-generated plotting capability ofNASTRAN was used to debug the structural model.

W. For ease of identification the housing was subdivided into
several regions and the grid points in each region were labeled
with a specific, but arbitrary, series of numbers. Although
these grid point numbers act only as labels, they affect the
bandwidth of the stiffness and mass matrices. In order to
minimize the matrix bandwidth for most efficient running of
NASTRAN, the BANDIT computer program (Reference 21) was used
to automatically renumber and assign internal sequence numbers
to the grid points. The output from BANDIT is a set of SEQGP
cards which are then included in the NASTRAN bulk data deck and
which relate the original external grid numbers of the internal
numbers.

The model includes grid points representative of the structure
where the shafts are supported by their bearings. These grid
points are used to apply the dynamic excitations at the mesh
frequencies to analytically excite the housing. Although each
geometric grid point has six possible degrees of freedom (three
translational and three rotational), the displacements normal
to the outer surface of the housing are of most interest for
noise evaluation since it is this out-of-plane motion which
generates sound waves. To conveniently evaluate the motion
normal to the housing surface, numerous local coordinate
systems were defined and oriented such that the displacements
and accelerations calculated at each grid point could be
referred to a coordinate system having an axis normal to the
housing surface (Figure 50). One degree of freedom, rotation
about the normal to the surface, was constrained since the
stiffness for this component is undefined for NASTRAN plate
elements. The other two rotational degrees of freedom were
omitted. All translational degrees of freedom were retained
to accurately represent the motion of the actual housing.
Because of the large model size, the Guyan reduction technique
was used to reduce the size of the analysis set. The Givens
method of eigenvalue extraction was used and the model param-
eters are summarized in Figure 51. The NASTRAN weight
generator feature was also used to calculate the model weights,

od ,which are also summarized in Figure 51.

The contractor has developed confidence that the modeling
procedure provides an accurate representation of the actual
transmission housing for the following reasons:

21. Everstine, G., BANDIT - A COMPUTER PROGRAM TO RENUMBER
NASTRAN GRID POINTS FOR REDUCED BANDWIDTH, Naval Ship
Research and Development Center Technical Note AML-6-70,
February 1970.
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o Use of a widely accepted and thoroughly validated computer
program (NASTRAN).

o Extensive computer-gene rated plotting capability used to
debug model.

o Cross-checking of model, design drawings, and hardware.

- Io Good correlation of model and hardware weights.

o Further validation is ongoing in the form of correlation

ot dynamic response of rpz)del with test data.

Each natural mode of a structure contributes to vibration in
proportion to its amplification factor. Consequently, since

* ~each mode whose trequency is in± the vicinity of a forcing
* frequency will be a major contributor to the- overall dynamIc

respoiise, it is desirable to alter the housing natural frequen-
cies so that none fall close to an exciting frequency.

Strain energy techniques for structural optimization have
evolved in recent years. For applications such as helicopters
where weight, is critic-,,, it is more. appropriate to evaluiate
the strain density (strain energy/volumne) distribution wiAthin
a structure (wýhich provides guidance for vibration r-2duction 'by
identifying the structural elements part ic ioa tiiig in the modes.
4o op~imiize a housing for ininirimum vibr~ition,'noise, the NASTRAN
norrral ntcdes analysis is used to obztain a dyn~amic solution-
by emplolying the ALTER feature of NA5T-RAN, -a Cýclf-1poift tape
containing the stresses for earh eloment L:; gcllerated. The
natural. frequencies calculztc~d are com.rpared wri-th the- gear -,Tesh
e:,citing fre2quencies to idc uitify each im-o.e shape v'cs natural
£ e Cuiency is close to an' excitinq QruecrcY adwhc tx
dcsirable to shift. A prost-pr:ocessor progjram (-3)has be~nr
developed irmich uses the dt:A --tore," -,n tho check'Point tape
to calcu).a>.e the strain dcnsýity of -N'ASTRAN platoe elemtents and
tabualate thie elements in order otl aescend-ng strai:-n dlensity.
The structural ele-,,nerts with the heststr~r -Lni; y S r,
the best cai~didates for efftective mn liiica--tior of th-e naturýal

* ,* frequency, since a minimal weight change will yield a maximum
shift in natural frequency. By locally alteriLng the. housing
walil to change the mass and stiffness in thrase are-as of high
strain density, the n-atural frequency miiay b-, shiftLed away, from
anl exciting frequency. Thus, the possibi~lity of resonance is
elt-.ý'irated arid the vibration and radiaied noisa are reduced.
This strain density distribution concept will also be utilized
statically to identify structural load paths and evaluate the
efficiency of the housing structural design (stiffness/weight).
By controlling this energy distribution, stress, vibration/
noise, and weight may be reduced.
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Figures 52, 53, and 54, respectively, show a NASTRAN plot of
the housing (left and aft views), some typical natural fre-
quencies in the vicinity of meshing frequencies, and a NASTRAN
plot of a typical mode shape.

NASTRAN, LEVEL 16

With the advent of NASTRAN, Level 16, with its capability to
calculate strain energy, it may be used in place of D-82, S-68,
and S-83 for all calculations (shafts and housing). This can
be done as follows:
1. Conduct a dynamic analysis (Rigid Format 3) fThr shafts

and housing. Punch out eigenvectors.

2. Reformat the punched output to SPC type input. Execute

Rigid Format 1 to obtain strain energy for structural
elements.

Two post-processor computer programs were developed to expedite
and expand upon the above-mentioned procedures. A listing of
a computer program for use with NASTRAN, Level 16 in order to
take punched strain energy output from Rigid Format 1 and sort
and analyze is shown in Appendix F. Appendix G contains the
listing of a second computer program to be used with NASTRAN,
Level 16, to reformat Rigid Format 3 to punched eigenvector
output for execution with Rigid Format 1 as SPC cards for
strain energy calculations. A sample strain energy output
which was sorted and analyzed using the above programs is
shown in figure 55.
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I
STRAIN ENERGY ANALYSIS PROGRAMS (S-68 AND S-83)

PROGRAM DESCRIPTION

Engineering judgment has traditionally provided an approach
to the optimization of a helicopter structure for vibration.
This requires the engineer to have a prior comprehensive
understanding of the analytical model, i.e., the eigenvalues and
eigenvectors of the structure together with their influence
on critical suructural elements. Many cases of structural

changes would be evaluated using the finito element dynamic
solution, and the most favorable changes for the final design
would be chosen from the study. This has proved to be a
virtually impossible method, however, because the enormous
number of structural elements and the need for side constraints
make the number of possibilities for structural changes quite
large. This approach is limited in that it only provides for
studies of known structural change effects. For a new design,

identification of the structural components that have a
critical influence on vibration would be difficult. Also, no
criteria exist to ensure that the final structural changes
are optimum. The engineering judgment approach at best pro-
vides a minimal analytical tool for vibration design of new
structures.

In recent years, a trend to dynamic optimization by strain
energy techniques has evolved. This has mainly been for
the optimal alteration of one undesirable natural frequency.
To understand the technique, consider that in general each
natural mode of the structure contributes to vibration in pro-
portion to its amplification factor. Consequently, each mode
whose frequency is in the vicinity of the forcing frequency
would be a major contributor to the overall dynamic response.
In the modal method, which operates principally on the ampli-
fication factor, the natural frequency immediately above the
exciting frequency is usually increased. One could also reduce
the natural frequency immediately below the exciting frequency
if it is possible structurally.

Analysis has previously been developed verifying that a
"minimum weight structure with a specified natural frequency
is one wherein the density differential is uniform throughout
the structure when deformed in its natural mode (Reference

6). The density differential of'a structural element is
the difference between the strain energy per unit volume
(strain density) and the kinetic energy per unit volume
(kinetic density). In most cases, the strain density may be
used as an approximation of the density differential, since
the kinetic density is relatively small. Since the objective
for aircraft is a maximum eigenva]ue shift for a minimum
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weight change, the strain energy density is used rather than
the strain energy itself. It follows that a complex struc-
ture can most efficiently be redesigned dynamically by
ensuring that the modal strain density is uniform throughout
the structure. Hence, vibration optimization of a structure
can be put on a more scientific basis if one considers its
modal strain energy or density distribution.

A finite element analysis is first employed in the modal
method to yield a dynamic solutioun. Thu eigenvectors (mode
shapes) are obtained, then the mocial strain tneLrgy distri--
bution throughout the structure is found for any given mode
shape whose natural frequency is to be modified. The strain
energies for all structural elements are obtained and then
tabulated from the highest to lowest. The structural ele-
ments in the highest strain would be the best candidates
for modification of the natural frequency. This follows
intuitively in the modal case from the almost invariency
of the mode shapes and from Rayleigh's quotient. Theory also
substantiates this in that it has been proven analytically
that the rate of change of a natural frequency (eigenvalue)
with respect to a structural parameter (thickness herein)
of an element is equal to the strain energy of the structural
element when the entire structure is deformed according to
the mode shape. For example, in the case of increasing
the lowest mode, the elements with the highest strain density,
when deformed in this mode, would be the best candidates for
modification to obtain a maximum eigenvalue shift for a
minimum weight penalty (i.e., optimally).

Two computer programs have been utilized to evaluate the
strain energy of the transmission components. Using the
mode shapes calculated in D-82 for the shaft model, program
S-68 has been used to identify the areas of high strain energy
density for the shafting. A listing of this program is
contained in Appendix H. S-68 computes the normalized strain
energy for each structural element using the critical modes
independently. Then the strain density of each element is
determined as a function of its volume. These are then
sorted from the highest to lowest strain density, and the
elements with high strain density are then the optimal members
to change for a minimum weight penalty in order to shift the
"natural frequency. This program was developed by Boeing Vertol
under Army Research Office contract DAHCO4-71-C-0043. A
second strain energy program (S-83) compatible with NASTRAN
(plate elements) has been developed and used to identify the
listing of this program is contained in Appendix I, These
areas are directly associated with undesirable vibrations and
noise. Though variations exist in wall thickness and geometry,
these regions can be modif'ed to provide an improved design
configuration. To optimize a housing for minimum vibration/
noise, the NASTRAN normal modes analysis is used to obtain a
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dynamic solution. By employing the ALTER feature of NASTRAN,
specifically for Rigid Format 3,

ALTER 107

CHKPNT OESI, OEFI $

ENDALTE R
a checkpoint tape containing the stresses (data block OESl)
and forces (data block OEFI) for each element is generated.
These should come last in the case control. "ELFORCES" and
"STRESSES" should also be calculated. The S-83 post-processor
program reads the modal dynamic stresses from the checkpoint
tape for each mode shape, calculates the strain density of
each of the NASTRAN plate elements,

S "2-E S.E. _ 1 (2a+ min - 2 max Qmin) 1
• v ma2mE a-m

where

S.D. is the strain density,

S.E. is the strain energy,

E is Young's modulus,

Oýmax' O0 min are principal stresses,

A is Poisson's ratio, and
V is the volume of the element,

and then tabulates the elements in order of descending strain
density.

In the calculation of the plate stresses, NASTRAN calculates
the stresses for the upper and lower surfaces. S-83 has
options whereby the strain density calculation may be based
on upper stresses, lower stresses, or membrane stresses,
where

OU = 'b + q'a
L = b a- a

yields rb = Su + TL

2

a CIu a L
2
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and where the subscripts

u is upper,

L is lower,

b is bending, and

a is membrane.

The above separation of bending and membrane stress would
yield another and more exacting strain density analysis. For
the housing, the outer combined bending-membrane stresses
were used.

In order to detexmine whether strain energy methods could be
used for the vibration reduction of a large, complex structure,
some evidence as to feasibility was needed. These methods
have been successfully applied to the vibration reduction of
the Boeing Vertol Model 347 helicopter. Impedance methodology
(applied to the design of absorbers) and detuning of the 347
fuselage (by structural modification) have resulted in an
exceptionally low final vibration level throughout the entire
flight envelope. The structure to be modified for detuning
was indicated by the modal strain energy technique. Hence,
the feasibility of strain energy methods was established as a
practical means for dynamic design for large complex structures
(Reference 5). Figures 56 and 57 show this (analytically) for
the CH-47C forward transmission ring gear.

This strain density distribution concept can also be utilized
statically to identify structural load paths and evaluate the
efficiency of the housing structural design (stiffness/weight).

PROGRAM INPUT AND OUTPUT FORMAT

The input format to S-68 is compatible with D-82 input format
except as noted.

1. Cards after loader locations 0026 must be removed up to
the "88888" card (sheet 1).

"2. C-51 cards must be removed after the "99999" card following
the masses input.

3. At end of deck, add number of modes to be analyzed (15,
card 1) and mode shapes desired (1615, card 2).
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An example of output from the strain energy density computer
program S-68 is shown in Figure 58. In addition, a flow
diagram of the operation of computer program S-68 is shown in
Figure 59. Figure 60 illustrates the application of computer
program S-68 to the CH-47C forward pylon natural frequencies
alteration. This example shows how modification to the
structure can move the natural frequencies away from an
exciting frequency and thereby reduce the amplification factor.

Since S-83 will calculate centerline stresses from data
containing bending stresses, a flag must be input to indicate
whether or not bending forces are to be processed and, if not,
which of the two finder distances will be used. Output includes
a reference plate thickness, and when CTRIAl or CQUAD1 elements
exist, the user must flag the thickness to be output; the
default is membrane thickness. The thickness specified has
no effect on the output.

Figure 61 shows a typical S-83 input sheet which is rather
standard except for Poisson's ratio and the modulus of
elasticity. The cards are divided into ten fields of eight
columns each. Figure 62 shows a typical S-83 strain density
output (sorted) for the. CH-47C forward transmission housing.
Using this output to identify h-igh strain density areas, a
compromise modification (two contour plates) to the housing
for detuning natural frequencies near four mesh excitions is
shown in Figure 63.

CARD I

FIEIJ)

Col 1-8 - GPL (LEFT JUSTIFIED)

Col 9.-16 EST (LEFT JUSTIFIED)

Col 17-24 .- SI (LEFT JUSTIFIED)

Col 25.-32 -. QEF1 (LEFT JUSTIFIED)

Col 33-40 -, BENDING OR MEMBRANE (LEFT JUSTIFIED)

Col 41-461 - FORCE FLAG (RIGWT JUSTIFIED
a do INTEGER)

Col 57-64 -, MODE OPTION (LEFT JUSTIFIED)

Col 65-72 - e--Young's Modulus (REAL)

Col 73--30 .u--Poisson' s Ratio (RE.-AL)
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-A

CH-47C XMSN SVSTEM CCUPLEO SCIAR4A .5 PCST 122 OOF

Natural Frequency = 1526 Hz
• M,, COE SHAPF NC. 7 , Lower Planetary

First Harmonic = 1566 Hz

AXIAL kLtMENT
NJ-' 15 t42= 33!5 MITEhIAL COOL= I kREA; C.ZICf3L 01

STRAIN ENERGY - 0.44U52330-02
Ft. VVL. I GROW' VCL.a 0.339647k',-(| FEL. VUL. / TCTAL VOL.= O.3.346710-01

AXIAL ELEPENT
10- 125 N?- 325 MATERIAL CCOEz I akEA= C.760000 00

STRAIN ENERG' = C.8874001D-03
EL. VOL. / GAOUP VCL.= 0.130504iO-CI EL. VOL. / TOTAL VOL.= O.xJ350480-01

REAM ELEMENT
NJ- 125 ij2= 225 N3= 325 MATERIAL CCCE- 1 IY- O.10000C-01 JX- 0.a.3600D 02
AW- O.ICGOOO-0I STRAIN ENERGY C.17177S40-03

EL. VOL. / GROUP VCL.= 0. 196312.--C4 EL. VUL. / TCITAL VOL.ý O.iiJ138D-O3

AXIAL ELEMENT
hl- 435 NZz 535 MATERIAL COCE= I tREA= C.206CO 01

STRAIN ENEPGv . 0.15394100-03
FL. VOL. Y GROUP VCL.= 0.34466650-Cl EL. VOL. / TOTAL VOL.= 0.3-,46o650-01

BEAM ELEHENT
K1= 135 N= 13 :4N3= 235 MATERIAL CCOLt I IY= 0.130GOD 02 JX- '.j

ALW 0.54CCCD 01 STRAIN ENEPG' = C.1351S,90-03
FL. VOL. / ý;ROdP VCL.= 3.62641970-C3 LL. VCL. I TCTAL VCL.z O.7j268300-02

BEAM ELEMENT
NJ- 113 N2ý 115 1J3z 325 MATERIAL CODE= I IYz 0.120000'C1 JX= 0.j
AW= )..6C(00 01 STRAIN. ENEkG1 .1161,7010-03

EL. VOL. / GROUP VCL.= 0.36957b60-C3 EL. VCL. / TOTAL VOL.- 0.4L3 2
4

4 5
0-O 2

BEAM ELEMENT
NIC III N?= 113 N3= 225 MATEPIAL COOE- I IY= 0.500COD 00 JX= OQj
AW: O.I3CcoO !)l STRAIN 1E4GY z C.75123d7W-04

EL. VC.. / GWOUP VYL. 0.680788j-C4 EL. VOL. / TOTAL VUL.= O.7oTZ399D-C)

REAM ELEMENT

Ni. ICg N?. I1I N3= 325 MATERIAL CCDE= I ZY= 0.170000 01 JA= 3.j
AW. O.33CLOO 01 STRAIN F.?CPGV C.67C',016D-04

FL. VOL. / GROUP VCL.- 3.9B751T160-C3 FL. VOL. / TCTAL VCL.= OIL042160-Ol

BEAM ELEMEiNT
1i1 128 N2z 124 N3= 325 MATE9I4L CCDE= I 1Ys 0.570000 Cl JX. Q.j
AW= O.2700CD 01 STRAIN EU;4PGY * C.55653090--04

FL. VOL. / Gk(RUP VCL.= 0.5o557770-C3 EL. VOL. / TOTAL VOL.= 0,6Zý4147D-02

AXIAL LCMJUNT
NJ= 545 Nk= 547 MAT;FIAL CUVEr I fPEA= C.1706OU O0

51RAI?& LNERGY = O.5262G690-U4
EL. VCL. I GROUP VCL.. 0.28441O93-Cl EL. VCL. / TLTAL VJL. 0.44441930-01

AXIAL ELfttEN1
NI- 54h N?= 54T MATEkIAL COOL= I fPEA= 0.170)0O 01

STRAIN IfjrGv : C.52323530-04
FL. VOl. / GROUP VCL. 04.0'4j1930-C1 FL. VOl.. I TOTAL VOL.= OU.Zav41930-U1

Figure 58. Example of Strain% Density Output (S-68).
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D 82
0.82 DECK. PROGRA),
BOUNDARY CONDITIO;JS

MODAL STRAIN
ENERGY PROGRAM 1. BUILD GROSS "K" MATRIX

2 REDUCE "K" MATRIX

3 EIGENVALUES& EIGENVECTORS
4. OMATRIX ON TAPE

CONVERT
INPUT

6x 6 AX11L MATRIXS~ 9 X 9 SKI

INERTIA LOADS 12X 12 BEAM ORDERS

F=ma - m%4mY
(0 MATRIX TAPE) FOR EACHI FORM

STRESS ELEIMrT - (1 )I TK 1 SORT ING,ANALYSIS PICK UP END FOR EACH

DEFLECTIONS, ELEMENT DENSITIES

ALL MODAL
DEFLECTIONS OBTAINED

Figure 59. S-68 Modal Strain Energy Program Flow Diagram.

;A 2.3 .2= 79.5, EXCITING FREQUENCY
=66.6

3 5.4 = 3. 9  P4 2 .1 P5 1.5-5
=73.4 w3= 91.7 w4 =195 W QRIrJAL

0 70 80 90 100 1110 120 13(6 ..

w2 = 68.2 w)3 92.1 w4 = 106.1 wo5 135.5

A= 2.8 P1 = 3.8 u4 = 2.3 PJ5 I 's MOIjFIED

w1 -64.8

Pl = 2,0 LEGEND:

v Wi i~~~~thnauafrqecA
Natural Frequencies Moved Away i i natural frequency
rrom EXciting Frequency and
Amplification Factors Reducer3 uj amplification factor

Figure 60. Example of Optimization of Natural Frequency
Spectrum, CII-47 Helicopter Fuselage Forward
Pylon Structure.
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Figure 62. S-83 Strain Density Output (4770 Hz).
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Figure 62. Continued.
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NOTES:

1. Mnemonics are "bending" or "membrane".

2. Force Flag: Process plate forces, calculate
centerline stresses

=-l, Do not process plate forces, use
- - first fibre stress

=-2, Do not process plate forces, use
second fibre stress

CARD 2

COLUMN 2

$OMIT IXCLUD $END

Program S-83 includes strain density calculations for CQUAD1,
CTRIA2, CQUAD2 and CTRIA2 elements.
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CONCLUSIONS

A complex gearbox such as a helicopter rotor transmission
typically has more than one gear mesh, hence more than one
exciting frequency. For instance, the Boeing Vertol CH-47C
helicopter forward rotor transmission employs a spiral bevel
gear mesh plus a two-stage planetary gear system. Additional
sources of exciting frequencies in the form of sidebands are
introduced by planetary gear configurations and manufacturing
variations. This occurrence of multiple exciting frequencies,
coupled with the fact that the housing possesses many natural
frequencies, makes it a complex task to detune the housing so
that none of the exciting frequencies coincides with a natural
frequency. The primary frequencies for the CH-47 forward
rotor transmission have been identified experimentally as the
bevel gear mesh frequency and the lower planetary gear mesh
frequency (LPl) and its second (LP2) and third (LP3) harmonics.

Experimentation which included the dynamic testing of a CH-47C
forward transmission with internal instrumentation to measure
strains,displacements, and accelerations of the rotating
components and external instrumentation to measure housing
acceleration and noise indicated that by modifying the gear/
shaft/bearing system geometry the internal components may be
detuned to minimize excitation of the housing. Application
of strain density techniques to these dynamic components has
identified modifications which have analytically reduced the
loads exciting the housing at the bevel mesh, LP2 and LP3
frequencies, but increased the loads at the LPl frequency.
Since the effects of multiple noise sources are added logarithm-
ically, the reduction of three out of four noise sources may
not appreciably reduce the overall noise level.

Noise measurements have tended to confirm that housing rtspon-
ses exist and generate noise. This is evidenced, for example,
by the LP2 and LP3 frequencies. Although the exciting source
for these frequencies is within the ring gear, the maximum
noise at these frequencies emanates from the mid-case region.

It is important to note that since the exciting frequencies
will vary with changes in operating speed, the housing must

Og be detuned at a specific operation speed (±3%). The use of
strain density has led to preliminary identification of the
areas of the housing structure which must be modified to
detune the housing for reduced vibration/noise. The strain J
density distribution was determined using the NASTRAN post-
processor for the modes with frequencies nearest to the four
main exciting frequencies, and the elements with high strain
density were identified. For each mode considered, the elements
with high strain density are generally different; however,
some elements are common to two or more of the modes. Strictly
speaking, the elements with highest strain density for each j
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mode should be modified to achieve the maximum frequency shift
for each corresponding mode. This approach would be used
during the design of a new housing. To modify an existing
housing, however, it would be cumbersome to incorporate the
numerous and varied mlifications indicated by such a rigorous
application of the analysis. Therefore, for practical
application to the experimental housing herein, those elements
with a relatively high strain density which are common to two
or more modes have been identified and were used to shift the
housing frequencies. In this manner a specified structural
change altered two or more frequencies, although perhaps no
single frequency would be shifted maximally. It is more
feasible to modify these elements, since the actual changes to
the existing housing design for testing were limited to a few
easily accessible areas on the exterior walls of the housing.
This approach provided sufficient detuning to demonstrate the
validity of the analyses. Prior to finalizing the detuned
design, the dynamic response of the model, with the structural
modification incorporated, was recalculated using NASTRAN.

The basic analytical approach used as a design tool for trans-
mission vibration/noise reduction has been partially validated.
The method unites the internal components and the housing, and
hence optimizes the transmission as a complete operating system.
Since the housing provides structural support to the internal
components, its physical characteristics grossly affect per-
formance and life in terms of internal bearing capacity, gear
capacity, fretting, misalignments, etc. Therefore, housing
optimization is essential if the full benefit of the advance-
ments in gear and bearing technology are to be realized.
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APPENDIX A

LISTING OF GEAR TOOTH MESH EXCITATION AND
COMPLIANCE INPUT GENERATOR PROGRAM FOR

R-75 (GGEAR/HCR) OR R-67 (GGEAR)

-JOB P,ORAG0sKP=29vPAGES2250qL1NESO,0PUN2CHF.CK __

* -m fV~~ Y v-i~i fli6o 1#fw~ R(0.7i 10 or o-
2 V'ZVEtSION RP410) ,R0(10)*PRU20),ARMC10),AT(10IP(10IRF(1cij

3 ~~OVEtNSIC'N UJI(FAf),UJ2Utt0).ZJI(RO) .ZJ2(!8fl 70R(8O) ______

5 ~ANUz0..1
__ _____t __ __ _ __

A I999~ I = I
9IRf'M _________

11 IRF I

157~ Itl C1=

17 PITS--I
r.AD(5*40O4) II2EN4T_ _ _ _ _ _ _ _

C -

C RFLC$PO MTO F1 URGEAR FROM A BLEVIEL OR HELICAL GEAR
c
c INPUT CATA GENERATOR ___

c ' INPUT DATA * * *lf

c CAPD II I -TITLE

C CAPD 912
C J OUTPUT SELECTION
c___ 0 ENII OF JOB.TrRHINATE ExECU7IO1N -__________

C 2 GEARO (R-313)
C L= GGEAR (R-6?) ___________ ___________

c 0 -GEAR/HCR ( R - 7
C OR INJPUT 4J AS NEOATIVE VALUE TO READ OPTIONAL
r MATERIAL PROPERTILS CARD ________

C T P2 = NO OF TEETH 4 DRIVEN
C PCA1 = PITCH COVE ANGLIOLODrPLLS) D PIVING_____ ___

C PCA? PITCH CONE ANr.LFrCDGRF ES) -DRIVEN

C S4 = !:IRAL OR H(LIX ANGLE(DEGHr(S)
C ~ ~ W = FACE 'dIOTH(INCIHFS) - UIIG____

FW2 FAE WOTHEINCES)- IIRIVLN
F'l IAME1'HAL UiTCH

c ON IF INFLIT AS A NJEGATIVE VALUE

r
C P02 2OUTSIDE Phr.iu!.(IEcHES.) - upiviN

C OI~ IF I t:L A S _i A P;ErATIVF VALuE ______

C AoDOEAOul"([NLH[E- DRIVEN

C -. l Pf. OOT RA DurIU 4 ZNoi s) D - v OiVNf
60 _IF .1 NILl A.' A fILGA I VL VALUE. -- - -

C (FDfljOUW. WIICK%,) - DRIVING

C OR. IF INPUT Ai A NLGAtIVE VALUE
c DI.DENOU*¶ (ICHC"J DRIVI[N ___________
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C
c T I =CI P C UL A A 100TH I HI C K , I N CI'U1 OR IV INrf,
c T 2 =CII)CULAR 1OO*H hIII]CK .( INU'II 0 ukVC~f

C ORiF ~ ISINPUT A$S A NUCATIVE VALQ[
C TI PIRCELNI OF TOOTHi IHI (K. SPLIT 10 DRIVI 14 e ~1: t NER

T 12 P A Ct( L A LH( I IN C. EII

c 'P A =PR fS!. U RF A N FI.L 11 CGRI (S)
!F I = NO OF CALCULAT IONl POINTS

E1 InOT'4 SP AC E IN(, ERROR (INCIKS) - RIVIN6
ISE TS1 TOOTH SPACEIN'G FRROH(INCIIES) DRlWiN

j , =0 t'OR ItNTr.NL, 1QEJ.RNAL*
C ~ PI O. OF OUR I Ck TERMS

C YORK TOPQtUF(IN-Lh) - DRIVING (fl:READ IfARIAULL TORQEtt
C ON TORCIU) (APWL)

C IPLT Pt.CTYING COtN'fRflL(flNO* 1:Yf%)
C EV DE-VIAlION FRCM STANDARDCE~hiAN fISYLj'C(V.IhCHL'S1

C N2J = ELCOTOI UN DVIATION AND COMPLIAtd4 P01!00O
c
C

C on IVINHG(LJI ) ALND DPIVENI (042Z)
C

C ORIVINC (2.11 AND DuilVLN (ZJ2)

C CCR -7 IF OOM*I NCiC~S FOR VARAlrfA# TOROCJC
ORIVING (TOP)

C CR']- I NZJ =I Ol ~ INSERT CARDS FOP 101,TH P'ROFILE.
C OEVIAIICN AT 4 POINTS AL.ONG PROFILE
C ORVNAND ORIF.N____
C

a CA RD -IF .J .ýT. 0 NITMTRA RPfI
CT~l =U MODULUS OF CLASTIC.Hy - OUCIVING

C F10.1,4) =POISSONS RATIO - OR! VING
C VC(2) = ODULUS OF ELASTICITY - DRIVEN

CP5( 2 1 PO ISSONS RATO 10 DRIVEN
C

20 2CC!) ývAro.J.TN1,Trl2,PCA19PcA*A?,aFW 1.FW2,' qROl ,R02,PR1 N2 ills
0,2 4PA 10k-9-WS l-P-L~, DvEV 9NZI

21 IP (J.E:O.n ) 00 TO S5~6
22 IFP.J.Ll.lI) IPROD=1 ___

3 7~~F4 ]PROF .7C.? RFA11,Yf(I tr,05S 1) YE( 2) vPO(2J,

27 !Ff(SA.[fj.0) N =1
2P !.r. IT-.

49 13~APPA .PEC.TOP
30 IF Ell. (,T..0) Go TO 1326

so 3 5T2:CP-Ti
34 1326 RI iNl/(2*00)

315 C=YINT.1T14R2+OEV
37 'FfPOI.GT.O.) GO TO 1315 _ ______

'3 9--8 *-7 1'ýArISTFSTR11 ,
313 PC I =P I+A I

40 13 15 If I P.02.67. 0.1 GO TO 1316 ____

P0 P zP7R2 t A 2-X INf
13 I1. Ir, f1 11. T0 . IGO TO 1320 ___

4R I=RI-f1I
f, 132O 0 U (PP2,.'T.0.) GD TO 1325 ____ _______

7 : tý -
FR FP 2=R2-(P2*XTNT)

GO TO 1317
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3_" AI_ _ __I_ _I-

HA -Q R 2 )Ra*X I NT

4~ 1317 f A 1 A 2
!,, 1 1 zPI -COS (PAR) ___ __

57 . ASUP= '. -3 .~ 14 159 ~R01 /TIY

5i9 IF(cP.GE.2.0) IHICR:I

F ~C I0EGLCV AlIPlOFKIMAION OF A SPUR FROM A SPIRAL S:VEL 6EAR
A () TJ TN1
61 PCA~ PCAl -

f, A yI NzI . (

GO 10 tfOb1
7 f) 6 5 1 1 ___________

1T TN N T'2
72 CA PCAZ

73 Z U FW2____

75A A?

7ATSf TSF2
79YfI;= INT

Pi f,:Fsa-r'cGTOP.

( F WU=

F, 7P V L,- W/7.f))On ICPCCA

89 APM'
'9D AV=AI.P#A

A9=AV AL____ P___P

93 ~ D.5=Kv-s.vAS.N)

7 IPPVR sV-s ( pV0X IN)

ri 0 P 1,OV

a0' T.4qrAL P* ~T - rO% &A)

105 ?U..C(0.2 ) TV =T

-I;'~~~ ~ ~ T P -R II

1(19 FR V 97!, #C V _____

III!,. 1AS/(TOR

11 _s___/~fO ______ _______

1I 14 0 r4?AT('1 TRFGOLO APPROX IMAI ION FOR rQUVvALrNT SPUR GLAAS',9////)
11GOC, TO 9 2 0?49 ) # t

11? 1 FPUPIAT('fl'q GSPJRAL REFVEL 01Ag DE~iGN LIATA GEAR NO.1.4Y.12 9 //
*NU1PHETR OF TEETH SPIF'RAL 111V1L fqrof.
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2' PITCH LttJE ANrLE - SPIRAL RF.EVLL ,4,1.,*LRE

3' SPIRAL ANGLE OF SPIRAL OrVEL Ool4XoF0.6,44XOQEGFt1E*/

tt ITCH RADfUS OF SPIRAL IPEVrL '1.FC6,~'NH '
60MFAN PITCH RADIUS OF SPIRAL IH(VLL Oq14vqFl0.f.,41vINcH of

TO I-ATIO OF AA FSP'IRAL PrV(*L 4114 X0,1 0.604y, INCH Of
P I ADOENCU" OF SPIRAL BEVEL AT LARGE rNDf-.J13E.F1.6$4x,'INc" Of
9* DLEENCUM OF SPIRAL b(VEL AT LARGE END09131,f16.694XINCH of
I'D WORVPflG DEPTH4 OFZ ?IRAL -,ELAT IA L G
.2 CIR.TOOIH THI(KNLSS-S.FIkAL fILVEL-LARGE N',F(. A,141#

2- WEA CIP.7OOIH THICKtVS-S-SPIRAL PEV[Llvt3X9FJ0.Gt 4Xs$1NCI1')

19 21 -FO'i:AT(l/,/t/ EQUIVALENT HELICAL G.EAR &EAR NO.,q4)9IŽ.//t
is EQUIV~ALENT NdUMPEfl OF TEETH4 - HELICAL191"XqFi.D.&/

_20 Fr01iIALENT FACEUJOT HE~L I CALl

39 rGUIVALL(8T PITCH RADIU$ - HELICAL O15XtFl0.f,i SX,'IN~CH 0.0

49 1 GUTVALENdT ArrDLNOUM - HELICAL .920YPi0.6 4W,'1NCH 0/ '
S___ ' E(GUI lLE.A:IVtTER_.RAVIUF_- HELICAL' .FO64'JCI I

6'EGI!VALENT OEDENDUMi HE LI CAL * @20Y', 910,-6 ' 4X9*I 'NCH1 Of
1' FCLJIVALENT RC)Df RADIUS - IIELICALVl8XIF10.6 ffK,'1NcI of

krUTVALE NT WORKCINGDEP711 - 1I'IICAL',6,FOO 9,Ig Of
FQ'[GlhALrNTF 1.1."F-. RDIiUS - KUaLICALO 9 6X., I .-Al 4XI *INC, Of

10 fGVIVALl'.NT CIRCUILAR TOCTI- 711ICftNESS-I(L ICAL, 7XIF 10.614miINCH*/
Z C Ql2l VILE. PJT P £0181 CL( £APAKCF-HELTCAL'jit'x,rf1 f.6,ft4),'ql Nrt

34 f U IVALI N7 TOOTH FIL.Lri 9AflItS-llLLICALl,I~xtrI0.(,4 A4KINCHO)

120 32 VOIT'CF,031) I *E To.' 9L F W 9R S e .oR OS I PS 9,DS9 )S oT I F AS o LiCS oFR S
121 31 FOPOIAI(/ [F.!)tVALtNT SP~UR GEAR __GEAR O*jAIt/

1 41 V A L Af NT N U P(POF TEETH - SPUIP',I7X fiFf.E 6
20 (OUIVALFU.T FACE WIDTH' - '.ýPUR 1921xtFI0.6l 1XV'1NC11 I/

3' F OUI VA LL N IPlICH RADIUS - SPUR OO19XIF10.6,q 41,'XNCH 'IJ
49 EGUIVALFNI ADDENDUMi - SPUJR 0.231%FIO*69 4WI*NCtI 91
5' LQUIVALENT OUTER RADIUS - SPURl920XvF10.A', 4X,1NCH S/
6'_EUIVALENT (JEOENUM -SPUR9924 'Y '4Fl IO_6 4 X to NCH i_

1' F6UIViLENT HOTRDU PH,1,I.,4WINEH q/
fit COUIVALLNT AIOFKING DE)PTH - SPUR Oq1G~tF1O.VG 4WI'NCH of

______ 90_ 9'TU I ViLf NT__T.I.F. RADlIUS - F PIJR' tiD)'I jl
-I1'7ý ('U-1V ACL 4 YCI6r-~LA TOOTI TH!Ci'(NES-pOuptXl 0C 4sIC*
20 EQUIVALENT f'AOIAL CLEARANCE-fSr'URl#I8X9FJ0.(,o 4XeOINCe1O/
,0 rtUVL,4 TOOTH FILLfT RADIUS-5PUR'qI5XvF1O.6* IO,'INCH'I

12 A] - '
124 Pol )I,(;r _______ _ -

125 6I~1R

127 AT# 1)=7S ___ ___

12q PC I I) =f s

)30 pn~(I) :rp(I I COf(pAR)________

252 TIl1 I APCOStAIUcP)/D!OTOR

PA~ ~ VP IFU'O~O1 )0 TOA

r.I)( I ____ __t_ ____

1.MIFIE'1 Go TO 605D
ai _ _C N 1) OF 7kEGLb APPF~OXI 1ATION f1TtL Fit)__IN-

C
1 S9 (__ L :RP(1) 4 RP( 2) * DEV _____

I nCpII 1:F I, )( ;l Pj~
141 IP'(IHIt'P.(CJ.1.4NO.J.NE.4) GO TO !450

C
t: I-33 rlt;TFtII R (JulITI N_____

"143 20 -WP ITEE'1,4 00
144 140 0 FO A 14 .1 9 o M 1 HE F OLLOW I N6 I S THE PUNCHED 0 NPUT F OR R-33 GEARO'o

14 b 4 001j ~Oý, F'T t '10 1 ,'#IC4PU NUMIBER 1' // 920A4)
IA? __l1r7.f~1 orNT_______
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oP!TI I( t 4C D91P.N9"!*P
I'n 4 0O 09 ORPAT9f1**'10w,'t*P0 _NUMUER ?/ _________

I 10 xIO 9 '1 NU2 * .0X991 NK IN? v10X ,N HZ 10 X sM N 101XMM,

is 40 1 rOQP.AT (0~10#I X**CA~rf NUMPrA 39i .41

b 0 1I TV 740 16) Fl(I IFN,'~) ,Prl I ) 9THFTPrO( I ?,PRO (2) ______

6 401ý F ft P "A I I r 1 3.5)

A 7Ff ;0 0 C,.~T A Fw *1)2 -to I P1~O.M' I0,F C 1XI4 1

2 v , vf1,P 1.6 q3 0 vF I " 6 9 3X9F 10 .6 93XvF-i C. 6 v X 9F 10 6 93 X 9F 06 1

1o59 JPTTEU (,*O16)LT42,(1~P() e P(2);U).RM(1F42)~ l

16 1 14019 FURMAT 10',10X 17. A P0fit 2nF, fP 5*/
I .10. X'-12 10X,_f I'1 0 X.F ;. o10 X 9 1R F 10X R F 2'
2 9 3 xf 10 .Ef, 93yIF10. 6O95,x I',F 10. 6 3x,*F 10 h3X,9F 10. 6 1

25.2 V'4I1TL( 194(12P') AY(2),jFf1)9F (2)9RF1I1)iRF 12)
16.1 4022 FakMAT (V 13.51 _____W6sc ) ___________

1h4VRIEt(hv4023) L()tY2,r1)GIqOL)PS2
165 4o23 rokmAYS~o.,loXq6CAP0 NU~ICR A*/

___ I - - .2 JO*.YrJ ',lX*'YF2's S1X.'Gtl' o13X qtif 2 *1SE,'POS1,
I * POS2 q

__6 ____ ~JI 1 7 4 01 I1 YE(IZY(()-tqj )_j.GE2) AjOI j PL~? ______

1I -hI Ir f .(2- ..*F 1-* -
I ilk CO 4 025 1 :1 011

_j(. ? _ . R It IL47,40 '?6)___ _________

270 402T FOEIýftII'))
171 40215 ,ONT I NUr

1713 j07- 1 IOk-PA I I '0 91 OXCA ADS teUMPEA I HA S 0 9139 0 BLAN K 'CAR VSV/

2 ,3X I _.2,o3X..V 0.6*3XiFIO.6) _____ ____

Wh RItE(7.A4 t42 ) WT, VPT (1I VP 1(2)

1 76 - ~ -- r TO ! ______!)5,_ ___________

C 1`4? 1,UT0 PUT ROTI FORt P67 -60 0 fR PRO5GRAP
277 3003 WRIYrI(,,.040)

llh 044)~')f~A'1' ~U~jJ TH PUNHL.INPHUT fO%4 R-67 GGEARts

17q W0J7[2L4ft305) IDCNT

.6,P 1 T 1 7,4I00P) InEN__ _ _ __ _ _ _ __ _ _ __ _ _

I pI 1 d~TiqQ3)* PIdMMIPT17
16 04F ,1 fjX v *C~ AP 0,11DIOPMI3''DNMP14j2PL'O2

111)4 4Cj46 FOP*AT('4X. '1¼41,'0' .41,11 .31,2.41,11 .&X,'2 q4x,19l)

I p6 4 0 A1 FOP IA T. 0 .OX 9 0ACAR 0 ~PJýPL R_3I _ ______

1 v 9X ,',' FNI " ,r N 101,XRIU*110X,'9I)1 p 6X 91R 02 0 A 12'
2 .3Y9FIO.6,3XFIO.r, AXoPFl1.Ej3X9FflD.6q3XvF10.6)

18 U 1P I7L(A,,4051) RTI1).RT(2),ARM( I),ARM(21,rIAT(1)
190 4r, IF rP OA T jd91 ,I10 X 9C A A0 dI I M6 E P

;x . o- U1 .1'i '4-V-, 9 f i oisM PA P,TU-,'v Wiio-i6- -,- 10.F';iE'T
2 9 !,Y 910 f. 6 4 ,11P I.. Cv, 9f1 ,I. C 9 9F 10 . 6 I 9 F1 . 63X 9F 10 o61

U, I Ir 7 9 ~4 0 RT(1)PTI(2).7AR'( 1)9AHKI2).F .0121) __

firU P IT -6 A £4 2F I I F f2 P10FII) ,F I?1

1' ' A''1~ F )11 A T I I q I W. 'C A RP t, ijt"r t, S'j//____ ____
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2w or ibn.s.s ix f 10 .61 IX vF 10.6 3X *F IG*63Xs~l0*,6)
I ! N K1 ~7*4 2 -) AT (?2) of 1) 9Fr('2 9 F(F (1.R F _(2) ______

19P~~ WRIC 7 715) YE6 II) Yt42 ),PGLC1 ),GE2) IOS(I 9PUS(2)

199 hQIYr!:4 (.A6()CL9VPT( 1) VPT(?) ______________

'F~4I~ a kMA ' J6*,iif C'A0Nurjsti'7V77--
1 9 l'V ,CL't10K,'VPT1' ,1OX.'VPT2'/AX.FlV.6,3XFIO.6,5XF10.A)

2fl1 UR!TE(794C6S3) (LtVPT(13.VPI(?) _______ ________

-D2'0-Y b,37T VYA'r (M'f3;155V

2V4 00 40t4 t1=1NI3 ________________________

20b, 406'!, FOIRWIEP0))
07 4O'A C0PTI14f____________________ _________

vt' 0 0 f(E -; I: 1-9-T
209 WT:10'RV/R1
210 L'R I IE1,794 0 F,7) Ut7

212 406~6 COtJT1NIE
23WRIIf((.40614) NITN!TiNWSWS ________________

10(t/ 10Xo'ANO'.o2XI2t2Yt*CARO)S WITH THE FIXED WT LOAnINGi//
2 ,I~x.*CAR() NU%01,igt 90// 10Xqlt4WSl*,10KWS'j

215. WPllr(7,4073) NWShIWS

( p~~,i~G~ PU R~ir~~OsR75GGEAR/HCR PROGRAM
21h .3004 W4TTf(L,s4201)
219) 4iP61 F0S'F4A14'1%5X,' 1111 FOLLOWING IS THE PUNCHED INPUT tON( R-75 GCICAA/

6RITr(79400P) IDIN 7

P23 42,19 rOPPIATt'0991OX90CARO NUMeEFP 241

_______ 1 1"'C,10K -I'OOINT' ,jCOX,'IN', 1ox.'mmm'.10K.IpLT'uIoN.

224 WQIT!(7,4?12)Ip', 9'Mlijf'.LTqIH-ICR

220;WO JIJ I[( 6,.471) IRm I PER C iR r,9IPPoP9 ICENTgNIJIOIAG
2no m2 A oQT~!Q, 0 991_ CyýA !D N U M ti E 2 AI / 10 X ~RMV9I C.jljIFt

22A LRITU 7.4216) IRM,1PERC,1PVIPP0P, CE1C9INZJIOIAC
729 4121 f, Fnfl4AT(71!,)

2!1 4217 F0F'"AY tO',10X9*CARFJ 1UMPER 3'//10K0FN1O,IOK,'FN2',1OAODPII',SK,
Il Apr' r. ~p x , 4fl) I .0,X 99RUP OP k 129 /64 3)( or I O.F,) ) _______________

23? VP'l 7130 N 1) 6V1( ,ORi ( ITH IROl1O( 2)
233 WAITE(4E.42191 ARM ( I) AP M,(2) F 1,6AT 4)

234 219 F 01 047 (111 9InY 99CARU NUMPEN ~'/I io~ 'T2',10i XO.'f1'98)(t FIO tIO074
230- -7 - I__ _ UI ý ( 7xO -.13 .6iJ)_..I4 hF( .) ( ) NI...---- ) ---__ __ ___ __ __ __

231, IeO I TF(1 9 1 3CI'N 0) AP Ii') 11 P 4 23 )S0 9A

20WQ Ill f94224) YL(1),TL(2)aFj(11 )GE(2),F'OS(IiPOS(2)
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241 4224 VOPMA1~00i2OECARDNUMPER 6 9// __________ A
242 W R 1( 730) YEI I s YTE ( PG(I IG L42 r o s t P),OS 2)
2"o 54230 ý ITC(t.9226)CLVPT(1),Vi('72)
244 4226 FON

M
AT(Of@.O*ID CARD NUMPF'R 7'//10X9,'CL'.1OX,'YPT1I*,1X,*VPT20

246 J= 2 .* F *
-2FIC~~ 4, 7 J = - N

2i; 1 3ý,O ~P t TU 1 9- i3-6 0 -(UiJ I ('I ), I - 1 NlJ I

2g.?2 136,0 FOPVAT46E 13 .5 ~)
25. Pt0(!t3#60J (VJ2(1).I:1,Mi*J) ___________________

2 F, 13 .1 FOR 04 4 0.1 vlOY9 CARfl; ?NUFPflR RAA/20X9,'UJ1'j6El3.5)

WPI Uf A3( WMTe 4 2 W J2 I Im 1.J)

URP11[(791ý60) (tl.J2tI)9 I=:1,MJJ) -
260) 1 1 r. 10(3 ,'21353,1 ~t3.13 ,293'3bl3q13),NZJTAi1

2(11 1 3.2 P'E At'(1.1(0) (,11 ( I, I 1 MNPJJ32
2(2 ~~~P*17 V 1 F- 0) 1 2J2(CII =1 9,Ml.JI ___________________

2i I ~ IF O'r (f, 1 1,3 -) ('ZJ I -(-1)1 -1 = - I M N-0
264 13A3 F ()- A 7(W0S,1 v 1 XCAPOS NUfvliL R AB 12 OX 9ZJ I/3X* 6E13 5)
26r t V I 11.(f. 1 .164) CZJ71_1 )1 1 =I 9MNJ)

--I U3(4 1 00VAT('O;1 lA'J20613-

2 6 1 .F -3 1 .(,.f01 Gn TO 1355

271 ___ D' TOQ 1 56 0;__ __________________

2753 TO'. CI I-TOPK
?74 1 '97 _CoNYI1Nvij

2 7 f, I F,6, FO AT C :0'10 X*0CA RDS ?.UP ER RCO I OXv NTS I/ I xv t1/I OX9TOR'
777 lo'l ITE(l I 3f) (TOR() IfjJ ___________

2 6PI If ( C?,1370) PITS
21'7 137?0 FO).P"LT(I9)

2-P 1F'2jT4i.20.JJT AE .1.E 5) GO TO 135 4
2P2 PCA&(J(5,v1 36 0) 211 sZ51 IZ4 I* Z319R HI GII19RL OW I
2P3 WPRTFT4 (6,167) )1.4Z51.241 ,Z31.RHZGHIqRLOWI________________

-- iF', A 'A"T(,C CAD AUMI-tr 'JA0 /?0'ZiI / 3X 96 E13* b
2;4 Z)'156) 2 12,529Z42vZ52*RHIGH29RLOW2
2F~6 WqJTt (6,1.Uf)Z12.2')2,lA2,Z32,Rl4IGH2,PL0W2 ______________

2 T9 I 'QTftC7v360)_11292529Z429Z32.RHIGH29RLO(J2 _______

290 3"4CO'T 14'WF

136 
'~9WlF("~3C

2?"7 tSýr, FO r PA T (11//' * . THI1, IS A HIGH CONiTACT RATIO GEAIISL~t/15XIFlO.4
___ /9 PROGRAM H'AS 'RCCN RESC1 TO USE GGrARIHCR eta)

299 CID TO 3.C1c
300 5556 STOP __________ _____
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APPENDIX B

LISTING OF PROGRAM FOR PREDICTION OF
GEAR MESH DYNAMICS FOR

HIGH-CONTACT-RATIO SPUR GEARS (R-75)
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F(Pt * IV CLEý.EL leI MA ilk DA A 7CS9 12/4.9/12
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__c52Y 0!; l Llf 2 I-LIL11L.____G___7______Q___q______C
C056 LP'2lOL).L2(fl CCIHCCCC
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COLCC 210 J-1,N CC330OU)O

______I__________- 
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_cQ7.6. . A IhiCA Jj AJ I I IJgCuCCCC)
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APPENDIX C

LISTING OF COMPUTER PROGRAM FOR
PREDICTION OF GEAR MESH EXCITATION SPECTRA _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ :

GCEAR (R-67)

RON VERSION 2.3 --PSR LEVEL 332--

PROGRAM GOCARC INPUTOUTPUTTAPESSINPUT,TAPCO*OUTeUTtTAPE22) OSCAR 2
U008O3 CalMOCYY/tILJCLi2SJ,*UJOI(ZSI pUJ2425ho'uJC2425),uJUZ425).,ZJLtoy -

1114C1125),ZJD12S,*ZJR(5)OhZJCZ(25)vzsoz(zs).oJI¶50),aJCIg2s).oJo1 GGEAR 4
2425)*0J245)0*QC242519 Fit (so).vUif50) , CJCZ(2 GatAR
1SI r-Jn I lzj, AJilSOl AJ2(S0)h.QJC (SO)JQJOISOJ,.ZJCLS0lZ.JDLSO. GOCAR-... .6.
42.VJ(SOJIEJII56).FJ2(50)A.AJCI(25),A4JC2425),FJC1(47),0JOZ(251,ZMZI QatAR 7

__________55) ,M2(50).WTCZT1 OSCAR
iasoal -COmlHDWpat1Oc.OjC sCJ(5) OiO) JqSO),AXJ(so) 0j(504 ..i . M-54... ........

lAfISOOl .8(11500h(3000) NAVIi I .1
694883 COMMON OO.AR.BA.PJCC.YMINN.NVNJ,9EP.TAN.ASGM.F4ANMNIIM4 ALO 1

A~ffI.. .... DM~l~A±Oir8(QIQCý50),QA3 :50),#081 (50) QC1150) QA.?(ul1,jQa~j5A yDQAR 12Z
1).0C2(50i sIMoIP 3GEAR 13

400003 COMMON WYT(iOP HEAO1(6)vMEAOZ(6) GGZAR 14
MIDI0.SMMDN OfN/G/MCJ INT9MN ~ oIPLTvFNi,7N2.PelPRoLRoavPRrb-RTaMIpnhy:,Zr-. ALC,.- --t.

111,TZor1.F2,RFIRV2aYEI9yE2,GEI ,OCZPOSIPOS2.ANQ ALG 3
*40003 OTMENSION C'GG(3000),wICC(3000).FJCC)43000lAApj~ijO0O) MAil 2

000004 -6 OSCAR 19I
4000005 198 At. (NR ,100) (H A I ! . 1 4 , NE O ( 2 1 I 4 E A R 20AtAAh25.--.AEA F&b WsIt 7L bMC~M TMN9MMM. IPt.TLFOURISPtCT. &Y- .M t.- - L.440047 flCA04NR,1121FN),rN~,R91,AOjtgOO OSCAR 220fl069 PCAO(NR.112)Rf1,P12,RMI .RM.2.FI,TI GGEAR 23

4UAt... EADINR,112)TvlsZ,r1,r ,Rr1Rr .SCR 4
000123 PE*OLMR.1121Yt1,vEZ.GEI.6C2,POSI.P052 OGCAR asý

000143 WAITC(NwI00P IHCAOI(1!I~tu1,41,(HEAO2CI),1si,4I GSCAR 26I
800167 WAX Tttmw.108j (SCEAR 28
400173 uR1?C(NW.1091 NMCYINTMtM.MMN GGCAR 29
.00207--. .. -.SALTCLNW.10'-) . . .- wAGCR -. 311..
400213 WRITC(Nt,102) VI.VN1,AS1,ROIRTI-AMI "ECAR 31
000233 IFIM4NP 511,510,511 WECAR 32

40@240 00 TO 512 orsCAR 3
@40241 511 WRITCINw.160) QaAR 35
*@OZA5S .-$12 VRItF(NW,1581TMtTPVN2.ROZ.RT2.Rr!2 GG&AR -.36
000263 UQITEIMW,10S) GoSAR 37
00026? hRlTCINw,1o2) Ti lv Rf1,YCI .0C1,POSI SOLAR 38
*OAW.....- WRt-itinv~l~l. 10 .-7 -. GE - - 32-.A .. l
000313 WR1Truiw.102)T2,F2,RF2.yE2,0E2,PoSZ GGF.AR 40
0O0333 WRITE(NqiI.64) OSCAR A*
400337 ..- NOq................ 60CAR.. - , .At
000340 IMCwI. OSCAR 43
@00342 Pdu2.'7I.1. GocaR #
A00345- hN*Pt'NPt--- -.

4004346 1F(MN*CQ.0l ?2"-TZ JUEunli 1
000351 150 WRITC(NW.I5OO) HAY3 2 .a4 doU355... - - -EAD 4NRP.1 12ICLVYP.T 1,VPT2 ATI I I
@00936? bAITE(NW,1000) IA4C.CL OSCAR 47

@00377 hRITCENW,110) FINALI

@00405 00 209 IulNN OSCAR 48
@00406 REAOIMR,1l2)ZJ1(I),UJU(I),2J2(I),uJ2c1),WT(I) GGCAR 4

400431 ZM2EL)oZJilE) GSCAR )1
*042.1. .WRL1EN~t102)ZJ14I)u~j1(l ,ZJc),Go () SAR 5



RUN VERSION 2.3 --PSP LEVEL 332-- GGEAN~

000442 UM2tL)sUjZ(I) WGAR S2
460"6A IFIL-I) 20992099225 WOAR 53 r
000446 LaLo 1. GOLAN- 14
6004SO z00 CONTINUE G6E~AR 55
0004S3 CALL GEARO(CLVPTI.vPT2) WOAR 56
000455 MkhGUIMC*N GOAR S7
000460 00 200 ImigN WoAR so
000461 JJUNNNOI-N oU 1
"00463 AANGIJJ~aAJCI(I) NAY3 3
000466 GGO(JJ)mEjltI) GOAR 60

0947 (JJlwO6G4jj) WOAR 61
000472 wTCclJJlsw1ClIl GGEAN 62
000414, 200 OFJCCIEJJISJJ *AYZ I
000500 IMocumcfl GOAR 64
0005.01 IFtIMC.LE.NNlC) 0O TO 150 GGEAR 63
000503 WRITECHWP1100) MAY3 4
000507 WRITE(NU920001 0103 5
4660513 00 2500 ,A'i.NNN NAV3 4
@00515 2500 wRITE(Nw.I02)rJcC1(I).AA#.OII),GGG4l) KAY3 7
090531 IFIIPLT.EQ.1) CALL PLT(FJCCIGGGWTCCNNN) GOLAR 66
000S36 3uFI 1 U 3
000540 IFfIIOUP.NE.11 GO TO 3000 MAY9 Z
000542 WRITE(NWsI28I ALO, 4
000546 CALL FOUR WOAR 6?
000547? LLuNP4M.1 GOAR 6
400051 00 250 IxlvLL GOLAR 69
*@0QS3 LPwI-1 GoLEAR 70
000554 5M~m.* LP/PNMC JUNE.? I
890560 RESLTsSQRT(A~I)**2.S(III'*) G"AR 71
000566 250 WRITEINWI29)LPA(1),84I),RESLI.SMK JUNE? 2
000606 3000 IF(ISPECI.hE.I) GO TO 3500 MAY9 3
0a0610 CALL SPECT MAY9 4
000611 2500 CONTINUE MAY9 s
000611 IF(INT?30091909300 GC.LAR 73
010612 300 CALL EXIT GOEAR 74
4003613 150 FORMATiPA101 GGEAP 75
00061.3 101 FORMAT (72140 FNO33SsCOMPUTATIONS OF GEAR TOOTH MESHING ERRORS OGUER 76

1 3-22-1966 )GGEAR 7?
400612 102 FORMAT(?E13.Si MAY9 6
000613 103 FoRoohl`12H0 PRE.ANOLE7X2HN224x3HRl210X3HRT210X3MPN2) GOLAR 7
4000613 1*4 FORMAT(/7XH.TIIX2NN~lIx3HRBI1OX3HROlIOX3HRTIIOX~iRMI) OGGAR 8o
600613 105 FOaUATI(,6A2Mi1I1XZHF~l1X3MNF15X12NYOUNGS MOO-12N*IHSHEAR MOO-12XII GGEAR $I

1PPOS.RA71O-1) GGEAR 82
0006131 107 FORMATI/6X2HT2llX2HF21IA3mRF25AIZHYOUNoS MOD-ZZAiIHSMEAR MOD-22XII 6GOLA 83

1HPOS.RATIO-21 GooAR 84
000613 108 FORMAT (SOH9 MESH CYCLES INPUT# OIrF.GEAR N4OF HARMONIC) 60EAR a
000613 109 FGRkIA1AXI'..4(BAI4)) GGOLA 86
000613 110 FO0iMAT(6ONOINPUT LIETING Of PROFILE ERROR AND SUPPL.EMENTARY C09PLI FINAL 2

1ANCE/bx2HZI I X2MU111K2HZ21 1X2HU2) FINAL 3
000613 112 FORNAT16E13.5) GGEAR 87
Go060. 117 FORMATIBIS) MAY-9 I
000613 128 FORMAT (43HUCALCULATED FOURIER COEFFICIENTS FOR EORORS,/7H 19K ALG* s

1SHAIX) I3X4H9(1)IAX1HC~kXZ1KN) JUNE? 3
000613 129 FORMAT 1179344A CIA.719F14.71 JUNE? 4
000613 158 FOAMAT(2fI3.5,I3XMi3El3.S) GG&AN 90

-00613 160 .FORMAT412H0 7X2MN224XM3R02I0X3HRT210X3(IRN2l GOLAR 91
000613 164 FOFIMAY(//1614 CALCULATED DATA) GOLAR 92
6n.I6a .1MLIfRNkA1J6h -MESH. CYfLE tiOoajl3t20Hw CENTER OLSIOPKEi',l13.6)_. MAY14_ -
000613 IS40 FOR1NATI/6A 2OEM*3X)/) MAY3 a
600613 ;.000 FoRmAT(SX 3HJCI9xAmAJC16AIIHTANG. ERROR) MAT3 9
*00 6&ý. --- STOP..- GULAR 94

000615 END GGOLAR 95

261



PUN VERSION 2.21 --PSR LEVEL 3212--

-~SUBROUTINE GEARO(CI,.Vi;TlVP12l JUN13 1
C/1C1(Z51JOU1(2S),UJDI25)s225.uJC2C2S1,U *J~ia(2S.Zjl(50, -..CzLG -. -..
1,tZJCI51(.JO1(25),ZJ2(S0IZJC2(2S).ZJ02(2Si.'3J1(50),0JCI(25lQJ01 GEARO 4

-.- 2(25)90J2(S0).0JC2(2S), ~j1(S0j.Ulj1S5O, CJCI(2 GEAkO 5
-35) .CJ0U1 25). AJI(S0lAJ(50l,4JJC(50)Q,.j0(50).ZJCISO),ZJO(50 GEARO 6
4).V.3(50),.E41156).FJ2(50),AJC1(Z5).AJC2(25)1 FJCIla7),OJO2(25jZM2( GEARO 7
550) .UM2(50 .WlC(27) GEARO

.4.004..6. -C.ONJ4ON P.A(O1CJ(S01.QJ(50),AJi50).Ait50),YJISO)t GEAj4O. 9
lAfI50).B(1S00)vG(3O00I MAyl1 3

440006 CONYON 00,6R,BAFJCC,YM.NN,,4,rNJ,EP,TAN.RB.GMF.AMMN,1IM ALOG 7
-0406* -*-C0144N GA(5O),g84S0JQC(5O),OAI($0).o81450).0C1180),QA2(SO),o02(SO GEARO 12

1)V0C2(5O) ,IH#IP GEAWO 13
000006 COMMON W1150),HEAO1(6),H1EAO2(6) GEARO 14
-400," - .COMMON/GU/NNC.INTMM4N. PLT.VN1,FN2,Pf~l.R ,RO2.N1 .RT2,*1AtiM2.FII ALGa

1T1,T2,~lF2,R1 RFZ.F2IEI .YE2.GEI .OE2,POS1 .POSŽ,ANQ3 ALG 9

C SPECIFY AND INITIALIZE REAOING ANO WRITING UNITS FOR IBM 1800 GEARO

000006 Nwu6 CEAk(O 19
000010 198 CONTINUE rEARO 20
-444001-4-. "- 1=/L =a .F NI/ 4 Fth I *F ?4 2 APR.1 . I
000013 IF(MN.EQ.0)RPI=CLOFNI/(FN2-FNI) JUNE? 5
000017 CTT-RBI/RPI GEAko 22
#40021. -TTT-ýSGRT(l.-CT7*eZ$/CTT GEAWO 23
000026 THETP=ATANIT!TT .juNE5
400030 THETPP=THETP*If.18Q.I3~4Ij927 JUJNES 2

.00.0.03- . . R . ~TF64NW, 112) YUHNO I
040036 WflITE(Nw,102) TH-E7PP~ JUNC5 3
1000044 IF(F1-F21 3120#32D0.21 GEARO 25
000051 . 321 FF2.ýF2 GiEARO 26
000053 60 TO 322 GEARO 2?
000053 320 VFZF2FI GEARO Ž0 -
-400055 -. 3ZZF2.VF;"V2..0.8 GEARO 29
000061 304 0DI=-TI/2.0/RPI+TH.ETP GEAkO 233,
000065 F12=FNI/FN2 GEARO 3..
-000067 RP2=QP1/F12 GEAkO 35
000070 C0O2,--T2/2.0/RP2.THETP GEAkO 30
(OOO4 4h~2.0*IL.1.0 GEAWO 3?
-4-00037......NFNJ GEAHO 38
000101 sN=N-N GEARO 39
000102 CS].CT't UE1
.00010'. TAnuTTT JUNE$
000105 EPI=1.O-POSI*POSI GEAkO 43
00010? EP1=VEl/EPl GEAPO 4'.
-0001-11 C P2aI.0-POSZ*PoS2 GEAWO 45
000114 EP2zyE2/EP2 GEAHO 46
000115 EPI2.1 1.0/FPI*1 .0/EP2)*0.5 GEARO 47
4000121 EP12=EP1210.9 GEAWO 4d

000125 982=PBI/F12 JUjNE5
000127 Ci.Rol/p8I GEARO 51
0040130. CZ=ROZ/PBZ GEARO b

000140 BR1=(SQFRT (C1*C1-1.0?-IAN) C.EAkRQ 54
000146 C3=TAN/F12 GEARO I'
000147 IFIBR1-C3) 403t-403,404 GEAIIO

* OE I



RUN VERSION 2.3 --PSR LEVEL 332-- GEANU

000154 404 SRZ-C3 GEARO 57
800156 WRITE(NWv126)8A1 GEARO 58
*oca6a 403 8A18BR2/F12 GEAWO 59
0*016S OA2uARI*712 GEAI4O 69
000166 I7(MNN 440,450,440 GEAWO 61
000172 450 6iAls-8A1 GEANO 62
000173 8*2o-8A2 Q(A44 63
600175 440 I7(BAI-TAN) 401,4019402 GEAWO 6-k
00020 402 8*1-TAN GEARO, 6
000202 WRITE(Nwt1?5)8A1 GEARO 66
090207 401 CIs6.2631845/FNI GEAkO 67
o00021 lF(8AI-C)I 2139213,61) GEARO 68
000216 611 hRITE(Nw,174) GEAWO 69
000222 ?13 1718R1-CU) 215#6129612 GEAWO 79
@00227 612 hRITC(Na,175) GEAMO 7)
000233 215 C1zRT1/RO1 G7EAWO 72
00023S C2nPT2/082 GEARO 73
@00237 Cl -SOIRT (CI*CI-).0)-TAN GEARO 74
000245 ATItASS (CI) QEAWO, 75
000246 C2 -SOT (C20C2-1.0)-TAN GCAAO 76
000255 *12=ABS (C2) GEARO 77
000257 WRITEINW9122) GEAI4O 78
000262 WRITV(NW,302)RPJR81,BA1,RRI sAT! FrINAL 6
000300 bRITE(Nw,1621 GEAKO 80
000304 WRJTE(Nw.102)RP2,R132.SAZAR2.ATZ GEAWO al
000322 NMZ~i JUN13 2
000323 tdUZu1 JUN13 3
600324 IFfAT1-8AU 313,216#216 GEANO 84
000331 Al1 WRITENS)76) GEANO as
000335 216 I7(AT2-8A29 304.217*217 GEARO 86
9000)42 309 IF44N) 6209621s620O GEARO 87
@00343 621 wRITEINW91?8) GEARO 8s
000347 00 TO 217 GEAHO 89
000352 620 WAITE(NwI79) GEARO 90
000356 217 IF(RM1-R811 19I,)92,i92 GEANO4 91
000363 191 AMII1.0 GEAMO0 92
400365 Wflh1E(N1l18) GEAWO 93
000370 G0 TO 1920 GEARO 94
000373 192 ANI-RM.I/R81 GEANo 95
000375 1920 Ci=AMI GEAPO 4
000376 iNOI-SORT (AM410ANI-1.0I-TAN GEARO 97
000404 C29RT1/R83 GEARO 96
0*00'06 PF1-C2 GEANO, 99
000407 CIZRMI,'R81 GEANO 100
000411 C36(C1.CZ)442-l.0 GEANO 101
Q909414 I7(C3) 4096406,407 GEARO 102
000420 406 C3-0.0 GEARO, 103
000421 WRITEINW9356) GEAý-.O 104
000425 TPOl*0.0 GEARO 105
000426 WRITE(NwISOIPOI GiEARO 106
000434 GO TO 404 GEANO 107
000437 407 PoIUSORT (C31 GEARO 106
000441 IROI-ATAN IPOI GCARO 109
000444 408 IFWWRM-f02Z) 193,194,194 6- ,ARo 110
000411 193 AN21l.O GEARO III

263



RUN VERSION 2.3 --PSR LEVEL 332-- EIJ

0004S53 WRITE(NW.1191 GCEAA 112

000456 60 TO 1940 GEARO LLA3
J40 _19_4- 9AKZ=RM2/RBZ. GEARO 1154

@00463 1940 Cl-A142 6EARO 115
000464 AM2=SORT (A142*AM2-1.01-fAN GEARO 116
0oo4,7Z--~.- -C2=Rr2/R82 GEARO, 117.
000474 PF2zC2 GEARO 118
000475 C1'RI.4/RB2 GEARO 120-
-000437-2~--.- .IFtmN,-4SA.455.456 GEARO . 120.

6000502 455 C22-C2 .EARoo 122
000503 456 C3-lC1.CZ2)02-1.0 GEARO 122.
000506 -- IFCC3) f409*409,410 GEARO 124

000510 409 C3=0.0 GEARO 12S
000511 WRITE(NW*155I GEARG .125

_U051!5. TP02=0.0 GEARO . 126
000516 oqRITE(NW9155)P02 GEAPO 127
000524 GO 'TO 411 GEARO 129
.000527 41Q P022SORT (0)1 GEAAO 129
000S31 TP02-ATAN IP02) GEAQO 130
6000534 411 KIl GEARO 131
-000535. . L1=PFI GE-APO 132

000S36 E2=PDI GEARO 133
000540 f3-TP01 CEAPO 134

000541. E4zAHI OEARO 136
000543 00=0O01 GEARO 136
000544 CI=AMI GEARO 137

000546 - 201. C2=DD.CI GEARO 139
000550 CIsATAN (TAN*C1) GEARO 139

0005S4 C4zC1-C2 GEARO 140
000656 C32E3-E2-ODDTAN GCARO 141
000562 IF(K1-1) 422,422,425 GEARO 143
4O30167 425 1FIMM) 422,421,422 6CARO 1434

000570- .4,2L C3x-C3 GEANO 145
@00571 C4--C& GEARO 145

000573 422 CI=C3.EI GEARO 146
00057S C4=tCI.C4)*0.5 GEARO 148

000600 Y=E40S1N 4C41 GEARO 149
000602 X=E4*COS (C4.) GEARO 1509
000605 .. IFVI-i) 202,202,203 oEARO 151

000612 202 XM1=X GEARO 151
*000613 YM- GCARO 152

00061S K1=K1*1 GEAI4O 154

000617 00-002 GEARO 154,

000620 CI=AM2 GEARO 15(,

000621 EJ1PFZ GEARO 157

000623 C2-PD2 GEARO 157
000624 E3-TPD2 GEARO 158

000626 E4-RM2 GEARo 169

000,530 G0 TO 201 tGEARO 160
000630 203 XM2-X 6EANO 161

000631 YM2-y GEARO 162
000633 EE-6.283185'.,rNJ GE:AkO 164
ogQ635 CC=EE/FNI GEARO 164

04000636 Fj =-FNJ-1.0 GE.ARO 166
000640 R8R-PGARO 

16
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RUN VEPSI0#4 2.3 --PSR LEVEL 332- GEANQ I'
400641 SRwBRI GtM4O 167
060643 SA=BAI GEAR0 16
000664 comuSA CEAMO 169
000646 IMuEI4I GEARO 170

$067Y=[1~ GEAIW0 171
600655 (PuGII GEARO 175
90006S2 WFh(F .51 GEARO 173

600662 Cial JQ GEAHO 1747
*00065S 00 21 12. GEARO 175
000667 Cl *AJ(11S~ GEAI40 179
@00672 CAL .1411 GEAWO 100
0006672 00 221 aPJIN GEARO lie
400067' Cls J(il GEAWO 152
000675 mJgluJ411 GEARO Igo
000672 FJIIII*Pjtli GEAMO 18'.
4000701 I3*,ull GEAP4O 162
000670? AilUlzi l GEAHO 186
000670' OAI(1)uOA(1l GEAND 104
000701 GBIHII.Ql GEAMO 188
0007102 OCICIuOC GEAkO 196

000712 GAIVEJI51.55, GEARO JID7
0*07061 5 815w 1TEN,091 Jf!.CJ1 GEAHO 19e
000726 0 TO 221 CcllEANO 189
40071 51 wRIC1T NS1Q)V11.CAlgl.J9Stlc, GEANO 193
0007514 221 CONTIfNUE 0)jf).3AI GEARO 191.
000726 GO TO(b101M.N ZZ EA40 192
000765 S1 RITEtNW.102)F~t~CoJ41GI],IC GEAHO 193
000T51 001 51?TMU GEH.IIARO 197

001017% bdRTuXM v2 0X oYIGk 1
000775 51? tW.61 GEAkO 19b

001015 00800? GEAKO 199
001016 AS-RA? GEARO 200

001022 YM.YM42 fiEANo 202
001022 IFIONI 302#3010302 GCAWO 203
001024 301 FierNJ GEAMO 204

001026 00 TO 310 GEAk(O 205
0010*26 302 rJ*-FNJ GEANO 206I
001030 310 FzF2 GEAR-6O 207
001031 EPuEP? GEARO 200
001033 C-MUOE2 GEARO ?.09
001034. CC*EE/FN2 GEAkO 210
001036 11uz GEAkO 211
001040 WRITEINN.152) 6CAkO 212
001043 CALL AJCUH GeAkc MK.
001044 LsNN GEAko 214

001046 00 222 I.1,NN GEANO 215
@01051 C4. Sx.4I() GEAI4O 216
001052 CS -VJ(D EAn 1

00154IH*I GEAH:O 218
001055 1P2.1p GEAk0 220
001057 QA211)UQA(12GE,0 2

001061 0821Ul*08412 GEAMO 221
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RUN VERSION 2.3 --PSI) LEVEL 332-- GEP90

001063 Oc2(IIvOC(I! GEARO 222
001065 FJ2E1)-'PJcl1 GEARO 223

..A10.2. ~ .CAA.dLGEARQ -2ZL
001070 A.JZILI-C1 GEARO 225
6 01073 CZZOJiIl GEARO 226

*-608147A.- . GJZ (L) =CZ, .GCR0 . 227.
001076 M~CZ) S199518#S19 GEARO 220
00)076 518 WRITElNW.132WFJ2(1I.C1 GEARO 229

601111 519 RIEN.3FJgIC1Ct.,SGEAAO 231
801127 520 IF(L-1) Z22*222*226 GEARO 232

-w" 13-3- --226, Lai--- I GEAAO .. 23?L
@0113S 222 CONTINUE GEAAO 234
00:140 WR1TE(Nwp120lAM2#yi.42 GEARO 23S

1.ITLO.I3t . . .. .IaLARD -21
001153 OG 521 I=D¶2.1P2 GEARO 737
061157 521 WR1TENW.102FJ2II),QA2t1,OsZJl)QC2(L GEARO 238
491172 . .00 251 PIoZN GEARG 239
001200 IN-1.N GEARO 240
@01201 FJCIlI)=Fjl1I1M GEARO 241

-~0~ZOM~-...---A~r4J.I1-EA.J1 ------.......... 2-42-o&R
041206 AJC2(1)=AJg1,4) GEARO 2.43
001210 OjciII..0JI11 GEARO 244
401212-........LUjClCllmOjl(lll GEAAO 245
001214 Q~JCZ(I)-O~J2(1N3 GEARO 246
v*1216 0,102(f)-o12il) GEAWO 247
-34122&- - -- o £JhiI;:Cj.J(1) -. .GEAAO-.. ;. 4
001222 251 CJCI(1)uC.J (MN GEARO 24ý
001226 04UZ1 GEARO 250
.S@12'7 -. lm~q - trZjEARO. 251
001230 197 CONTINUE MAYI 1
001230 1.-NN GEARO 252

@01233 1NxI.N GEARO 255
00IZ34 VJDIMI1U.JIM! GEARO 256
001236......UJC1I(I.-UJ(!N) &C~ARO -257
0f'1241 U.Jcz I P SM2(IN) (EARO 258
001343 UJD2fTIzUM2(I) GEARO 259

~O 2 . .ZJD.LU)l -Z1 (1) GEARO. 2-!0
001247 2jC1(I1xz.j1(INI GEARO 261
001251 ZJC2iII=ZM2(IN) GEAQO 262
-f01253......ZJ02d1)-ZM2UT CEARO 263
002255 GJC(1l-O.)C1(1I-ujC1(1l.QJC2C1).u~jc2() CGEARO 264
"03,263 OjC)(1ýI)JDIt1).UJO1l9.)QJ02(11.UJ0D(1) ,Ek.RO 265

001301 399 CONT4INUE GEAýO 267
001301 WRIYE(NW#106l GIAAO 268
4013fl5 .. ~ lXTE(NWsl02)VPTlsVPT2 GEANRi 269
001317 ViPl'vpy1,C5 OFANO 27C
0013,?2 VP2.VP72,cs GEARO 271
-0013?A. - 418 CONTINUE iy2
001324 WRITEiNw 115) ýER 7
001330 00 501 1x1.N 5CIAW0 27b
0013.34 - T1wTI.)GEAHO 277
0.ji337 wt".WTf.)/lCS GEARO 278
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RUN VERSION 2.3 --PSR LEVEL 332-- GA~

001341 IFIWN)214#214*800 GEARO 279
001343 800 CONTINUE GEARO 280
401343 CIAWN*O.1 NAlI 3
001347 QOwu.37/fF2*EPI2/C3 14AII 4
001352 ZJD(I)n~j03(IJ.ZjO~tl)*VPi-YP2 SEARO 281
003360 CCC xQjC4I).Q0 GEARo 262
001362 00D -QJ041).OD GEAWO 283
001364 C1&CJC1UI) GEARO 284
001366 C2xCJO3(I) GLAND 285
001367 IF (CII 258,256.257 GEARO 286
003371 256 37(C21 501,501,258 GEARO 267
001313 257 IFIC21 259.259,260 GEARO 288
001375 259 VJ(I)-ZJC4I)-CCC *ON GEAWO 289
001403 WTC(Ilawk*CS GEANO 290
001403 WTO-0.0 GEARD 291
4011604 00 TO 261 GEARD 292
001405s 258 VJEI)zzjocII-ooD *WN GEARO 293
001411 VTCMI-0.0 GEARD 294
001412 WYD-WHsCS GEANO 295
001414 GO TO 261 GEANO 296
0014615 260 C3aCCC *bN.ZJ0(I3-Z.JC(I) CEAI4O 297
@01422 C4000D *hN.ZjCgI)-ZJD(I) GEARO 298
0014626 IF(C31 259.259.262 GEARO 299
003430 262 IFIC4) 2SA,2S8o263 GLAND 300
001432 263 Cl-CCC-ODO GEARO 301
@01434 C2-CCC *ZJO(I3'DDO *ZJC(I)-CCC'OfD*WN GEA.40 302
001442 VJII)BCZ/Cl GE&R3 303
001444 ClaCS/Ci GEARO 304
00344S WeTC( I)x(DDO@*11.2JC(1I -ZJO Ii *Cl GEARO 30S
00145S2 YT~xzCCC*Wh~ljo(i)-ZJC(I))oCl GLARO 306
003460 261 EJI([I)Vj(3)/CS GEARO 307
001463 hJC3I 1).AfNG.AJC3 I) GLARO 306
001465 WRItECNW,102)1FJCl (11 AJC1 (I).LJI (I3.WTC(I3 ,WTD.WNowT(1) .90NAYI S,
001511 501 CONTINUE GLARD 310
001516 ANG-AJCI (N) GEARD 311
@03537 24 lrENUZ-MUZ) 504,504,502 GEAAO 312
003522 502 MUZ.MUZ.1 GLARO 313
00'.524 GO TO 199 GLAND 314
001524 50'. MNU2* GEAoRO 315
001525 tF(14N2.NMZI 214.214.506 GLAolD 316
001530 S06 WHZ*.NMZ. GLA14D 317
001S32 GO TO 197 GEA.40 318
001532 214 CONTINUE GLAAD 319
003532 523 RETURN GEARO 320
001533 102 FORMAT 18E13.SI MAY1 6
001533 106 FORmATf//34H INPUT DATA ON TOOTH SPACING LRROR/64ftHVPT19X4HVP12, GLAND 322
003533 110 FORMAT(6OHOINPuT LISTING Or PROFILE FRROR AND SUP'PLEMENTARY COMPLI GEAkO 323

1ANCEL/6X2NZ1 3 12HUI1 3A2hl23 1*HUZ3 GLARO 324
* 4 001533 112 FORMAT(16ORRES.ANGLEMOLG)I FINAL 7

001533 115 FOR1MAT142tiOCALCULATEO TOOTH MESHING ERRORS AND LOAOS//6X3HJC19X4HA GWARD 325
IJC16X13HTANG. ERROP6X3NWTC3OX3MIETOi1xZ~NWNII2HWTIOX3MQJO) MAll 7

001533 118 FORMAT(74MODRIVING GEAR INPUT ROOT RADIUS SMALLEW THAN BASE CIRCLE GEAMO 327
1 RADIUS PGLARD 326

001533 119 FORMAT(?4HOORIVCN GEAR INPUT ROOT RADIUS SMALLLN THAN BASE CIRCLE GEARD 329
1 RADIUS I GLARD 330
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RUN VERSION 2.3 -- PSR LEVEL 332-- GEAHQ

001533 120 FORMAT(48HOCOCO. OF EFFECTIVE TOOTH PROFILE AT Ho0 CIRCLEI1XIHX13 GEARO 33AIXIHY/S2X.2El3.6) GFARO 332 "

S01-3. .122.FflRMH4T(/6X3HRP11OA3HRSIIOX3HBAIO3X3HaRl1OA3HATI) ALG . ..
001S33 12S FORMAT166MG DRIVEN GEAR TEETH ENGAGE UNDER CUT PQRTION OF DRIVING GEARO 334

I. GEAR TEETH//6N SAlt. E13.6) GEAO 335
8015IS3 - -126 FORMAT(66HO DRIVING GEAR TEETH ENGAGE UNDER CUT eORT.ON OF DRIVEN GEARO 336

IGEAR TEETH//6H SRI=. E13.6) GEARO 337
001513 132 FORMAT( E13.5,13X,4EI3.5) GEARO 338
-41533 ...... 151 .FORHAT(/IX2HJl11X3NCJ1IOX3HAJIBX6HQJIABC9X31AXJIXIX3HYJI).. GEARO. 339-.
001533 152 FORMAT(/6X2HJ224X3HAJ28A6HOJ2A8C9X3HXJ21OX3nYJZ GEARO 340
001533 155 FORMAT(63HOORIVEN GEAR INPUT RADIUS TO FILLET CENTER INSIDE BASE GEARO 341

ICIRCLE./42hOPROGRAM CONTINUES WITH CORRECT TREAtMENT.) GEARO 342"001533 156 FOPAAT(63H4ORIVING GEAR INPUT RADIUS TO FILLET CENTER INSIDE BASE GEARO 343

ICCLEE./42hOPROGRAM CONTINUES WITH CORRECT TREATMENT.) GEARO 344
001533. .1$9 FJRrATI3X,4E13.S) GEARO .,345-
001533 161 FORMAT(/6X2HJ4OAX4HQJIA9A4H0J189X4HQJIC) GEARO 346
001S33 1.2 FORMAT(/6X3MRP2IOA3HRB21OX3HSA21oX3MGR2IOX3MAT2) GEARo 347
001533 163 FORNATI/6A2HJ10x4HQj2A9x•4HOJ289x4HOJ2C) GEAMO 348
001S33 170 FOPMAT143HOCALCULATEO TOTAL CONTACT COMPLIANCE QJDuEI3.6) GEARO 349
001533 171 FORMAT(23NOCALCULATED NORMAL wN•, E13.6) GEARO 350
@0,L5.3 L 17.4 ORM4ATIBOHO ANGLE OF APPROACH ON DRIVING GEAR IS GREATER THAN TOOT GEARO .351

iH SPACING ANGLE. PROGRAH/2SHCONTINtED WITHOUT OVERLAP) GEARO 352
001533 175 fORMATT(SHO ANGLE OF RECESS ON DRIVING GEAR IS NOT SMALLER THAN TO GEARO 353

IOTH SPACING ANGLE. /34m PROGRAM CONTINUEO WITHOUT OVERLAP) GEARO 354
001533 176 FORMAT(80H0 DRIVING GEAR TEETH MESHING ON PROFILE INSIDE OF TIF 01 GEARO 355

lAMETER. PROGRAM CONTINU-/21HED WITHOUT CORRECTION) GEARO 356
.001533. 178 FORJ4AT(8OHO DRIVEN GEAR TEETH MESHING ON PROFILE OUTSIDE OF TIF 0 GEARO 357

IIAMETER. PROGRAH CONTIN-/22HUED MITMOUT CORRECTION) GEARO 358
001533 179 FORMATISOHO DRIVEN GEAR TEETH MESHING ON PROFILE INSIDE OF TIF DI GEARO 359

lAMETER. PROGRAM CONTINU-/21HED WITHOUT CORRECTION) GEARO 360
001533 EGEAIO 361
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RUN VERSION 2.3 --PSR LEVEL 332-

SUBROUT INE AJCOI4 AJCWH a

9404 DIMENSION SDt50lCO(50).6IK(S50.AIK(50),VLKI50I *COC(50) AJCOM 3
$64402 COMMON PJ(S0),CJ(50.OaJ(50hqAjigQ1.1J450) ,vj450) MAY11 4

1A(150@) .6(15001 .G(300*1 MAV11 S
*ooooa COMMON CoD.6R.AFJ.cc.ymmi.NVNj.EP.1ANRSOMV*AneNNJ1,N AJcaOM
#000002 COMMON O(0OB5,CCOAI@1utOC10)o.c),65 AjcDH

0000 ).oC2(50PIH*!P AJ EOI?]

0046 0000 10AE 10a.0 AJCOt4 8
0*00005 OS(1)uf.0 AJCD" 91

000006 QC(1)mo0. AJCO" 11
00000 0jf1.0.0 AJCUM 12
000010 xj~ijao.o AJCD" 12
004011 104 VJ(ID=0.0 AJCDW 13
000691' IFIZI-Il 4459405v493 AJCDW is.
000017 405 mmu1.0 AJC014 15

$64421 00 TO 404 AJCOH 16
000022 403 HMuz4N AJCD" 18

00002'. 404 *(=1 AjCOI 18
00002S 00 S01 lm1.NN AJCD#I 19
940927 AUqw *C AJCUN 20
000031 P44ilf.IJ AJCO'1 22

609aIFitI-Il 412902412'3 UJcDH 22
000035 412 CALL CALCJ(AJ(1lSR99A,9't A.JCU" 23
000042 CJ4jlsXY AJCDN 24
64004'.' 60 TO 414 AJctiI 26
020045 413 XY=COC(I) AOW 26
000047 414 Irf*'v 503vS03e1o1 AJCOW 27
000011 101 ZIF(K-1) 1029102.103 AJCON 29

000056 103 AXnAJ(1 AJCOH 30
000060 O.JmDo#AX AJCOI4 31
860062 SO11MS1M f041 AJCO" 3

000066 COMIUCOS (0j)i AJCO" 33

000072 C1'mATAl, (1'.eI.AX1 AJCUN 35.
@0007?6 C3xCO (Cl) AJCUH 35
000100 C4xC1ODj AJCUII 36
000102 IF(MU) 402P4.019402 A COM 3a
90010'. 401 C'.S-'. AJCI3 39
000105 492 C5ASIN (c') AJCDH. 49
000107 C6mCOS IC41 AJCUW '.1

000111 CI."9/C3 AJCUH 42

000113 XJIIjmC1*C6 AJCOH 432

060116 vJ(IImC14CS AJCDN 43

$000122 242 8I1Kf1).fYJ41)4.3.YM*q.3A/3.0*F AJCUI4 46

060130 AIe(D( IuvJg Il.YM)F AJCU" 46
4000133 FL(IjmXJEIj-Im AJCIJH 48

000136 GO TO S0'. AJCOII 49

000136 243 8I41KgIs(Yj( 10*3.YJ(I-114*31.'3.0*V AJCU" so

0001'.? rLh411wiXJ(I-XJ(1-.1) AJCU,1 52

000152 564 KxK.I AJC04 53

406014 503 IF(I-NN) 502,S01,501 %kjLJt S4
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RUN VERSION 2.3 --PSA LEVEL 332-- AJCOn

*0015t 502 ir(NmI 506vS05wS06 AJCON 95

000360 SOS r..'-vJ-i. A.ICOH S6

000162- . -.60 Y0 501 . AJCO".. 5

000163 506 .jizfVj.I. AJCON 58

@00165 501 CONTINUE £JCUNH 59

000170 IF(II-1) 301.301.302 A~ton . 60

000172 301 1F1NI4) 601.302.601 AJCON 61

000173 601 LLzNN AJCON 62

440175 .00 303 I-lsNN AJCON . 63.3

000176 COC(IIUCJ(LL) AJCOH 64
000200 IV(LL-1) 303.303.305 AJCONH 65

"00203 305 LL-LL-1 AXtON 66

000205 303 CONTINUE AJCDN 67

0002t0 302 IP.KI(.I-2 AXcON 68

000213 410 DO 246 L-IhsIP AJCDN 69--

000215 EI=0.0 AXCON 70

000216 E2-0.0 A.JCDN 71

000216 E3-0.0 AJCOH 7Z

00021? E4=0.0 £JCOH 73

000220 EEXJ(L)..XM AJXON 74

000223 IM=L AJCOK. . .S-
000223 IrINNI 202s203.202 AJCON 76

000225 2U3 EE--EE AJCDH 77

000226 202 00 245 12114.IN AJCON 78

000230 Cl -A4CL)-X.J(I) AJLM 79

000233 CSVFLK(I) AJCON 8o

000234 IFiNMM 207.208.207 AXGOH 8

000236 208 Cl--Cl A.jCDH 82

000237 C5.-CS AJCON 83

000241 207 C2=CS/SIM(I) AJCON 84

000243 C3=(CS.3.0*CII'CS.3.0*CIIC AJCOH 85

000251 E4sE4.C2 AXcON 86

000253 C4-2.0OC1C5 AXON 8?

000255 EI-EI.C3
0
C2 AXONH 88

000260 E2=E2-C4sC2 AXONH 89

000263 246 E3-E3.C5/AIK(II AXONH 90

000271 JF(N4M) 2069205s206 ACH 9

90072 20 lzl-IAJCON 92

000214 206 Cl:CD(L)-C0(L) AJCON 93

000276 C2-SO(L)GYJ(L) At) '

000300 OA(L) =C1,3.0*E1,EP.(C2*E4-CO(L)4E2)/EPOCZ AJCON 96
000317 COW -CEE /D4L-YJLI'3UJ. n AJCON 9S
000312 Cl(EC116NE31.2D(L)/ AiXON 97
000323 OC(L)=C1/FP*1.327/F*CI AXONM 98
000330 246 0J(LZOA(LI.O8(L)#OC(LI AJCONH 99

000336 RETURN AJCON 100

000337 END AJtONM 101
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RUN VERSION 2.3 --PSR LEVCL 33Z--

SUBROUT INE FOUR FOtDN
C REQUIRES 2*N-1 POINTS Fl!) FOUR3
C POINTS CORRESPOND TO TiiCTAmZ*PI/(24N-I1....s20PI FOUR
C OUTPUT A(1198(11 REFER TO COSINE AND SINE OF itkl)'TtETA, FOUR s

0900002 COMMON PJ(S0I.CJ(S0).Qj(5Ol.AJ(5O~,XJ(50o).vJU,0l, FOUR 6
1A41500) .0(1500).043000) MAY11 6

000002 COMMON OOOR.8A*rJ.CC.VN.NN.N.FNJ.EP.TAN4.RR.GM.F.AN.MN.IIM FOUR a
000002 COMMNOOU/NMCINTNMMIPLT.FNV2pI,FN2 ),poz,RI.PY1,aT2,Ru1.Rnq)2,pIo MAY9 a

lIlTI.TF1 F2,RFIRF2.YEI,1C2,GEI ,GE2,POSliPOS2,ANO) MAT9 9
400002 C-. OUR 9
000003 5.0.0 FOUW 10
000004 M2IFIE(FI)9NMC*NMC/Z HAY9 10
@00010 N1.M.l FOUR 11
000012 %A*N*NMC HAT9 11
000014 142-NA-1 14AT9 12
@00015 711../mA MAY9 13
000020 1281`6.31415q27 FOUR is
000021 cI=COS 012) FOUR 18
000023 SIRSIN (72) FOUR 17
000026 00 1 1P31,I'1 FOUR i
000027 U4120.0 FOUR 19
@00030 U42=0.0 FOUR 20
@00031 00 3 1=11N2 FOUR 21
000032 J-N2-1.2 FOUR 22
000034 '43zG(J).2.0*C*Ul-U2 FOUR 23
000042 Uz=U1 FOUp 24
00004.3 3 UImu3 FOUR 25
000047 A(IP).TIO(6(1).COU)-u2) FOUR 26
000054 OEIPI*TI'Saut FOUR 27
000056 AAA.(1P14C-841P).S FOUR 2
000062 S8aA(!P)IS.84lP2C FOUR 29
000065 A(IP)-AA FOUR 30
000067 841p)28 FOUR 31
000071 (J.CloC-S1*s FOUR 32
000074 ss.C1*s.s1C FOUR 33
000077 7 czq fouR 34
000103 PEIURN FOUR 35
000103 ENO FOUR 36

.SU.R08U7ZbE-CA.rLCItC2C,C3,C4) £L.... ~
*00004? IFEC:)) 2409231#241 CALCJ 3
@00011 DATA EMEA03/414i Lq./ CAL-C. 4

4.0004" 241. RioC) 230.218,218 CAL.CJ. -.1...S
@00011 230 IFIASS (CI)-C3) 2201220,219 CALC.) 6
000017 231 IirCI) 219v2llv2I6 CALCJ 7
-.000021 Z40..fiEC11 2.1992199242 CALC.L. .A
@009023 242 C3=-C3 cALtj 0
@00024 IF(CI-C3 2928,1 CALO.. 10
.A10026 216 IF(C2-,CLJ 21992209220 CAL-C. it
@00030 220 C401.0j CALC.) 12
000031 00 TO 221 CALC.J 13
AMU003 .a219Cla*.O CAL"d .14
000033 221 RETURN CALCJ - Is
@00034 ENO CAL-C. 16

271



RUN VERSION 2.3 --PSR LEVEL 332--

SUBROUTINE PL7(E,'VZ#NPTS) PL.1 2
@00007 DIMENSION V(30001,X13000.2Z(3000).AXXc4).AYl'(4),OZZC'.,,LAIA(51. HAill 7

1ILABY(SHEAO343) PL1 4
000001 COMMON PJ(50),CJ(501,0J(50,,AJ(SO),zJcSO).YJ(S0)6 140l 11

I A(l500)qI1M00).cG(300) "AVuI 9
000007 COMMON Ot,5R,8AVj.CtCYMINNN,F.NJEP.TAN.RBGM.FXoM.MM,11N PLY 6
@000007 COMMON OA(50DG8(50),QCiS ,Q0Al(5O),081(S03,OC1(SOl.QA2(SO).Q82(SO PL? 7

119OC2(50) *1H91.P PLT a
400007 COMMON WT (SOD "EAO1 (61 .MCAD2C6) MAYI it
000001 CATA (ILA8X1J),Js1.3/10M CALCUL910HATION POIN92MY PLT 10
000007 DATA (ILABYlJ),Js1,3)/10HTANOENIAL,10H ERROR (1~4.2I4)/ P0T 11
00000? DATA ILA8Z/10HLOAO (LB.)/ PLY 12
4000007 DATA (HCA03II),!s1,2/1/HulANOj. rORC94mE / P0t 13
000007 IP4C5 P0 14
00000? I0u6 PL? is
000010 ICALu22 P0t 16
000012 CALL PLOTS(IBUr,400091CAL) PO? I?
00001'. CALL PLOI(4.o4.59-3) FL0 is
00001 CALL PLOI(-2.9-4.,3( PLt 19
000022 CALL DASHP14-?.96.t.2SI 00? 20
00002S CALL SCALf(Xt.*.NPTSi*1) P0t 21
00003Z Y(-4PTS*1)X0. P0? 22
000036 00 10 K=1,NP7S FLI 23
000040 10 Y(KJ--Y(K) P0t 24
000043 CALL SCALE1Y.4.,NPTS*1.*1) PO? 2S
9000050 Y(NPTS.2)-sy(NPTS*3) P0t 26
$0000S6 CALL SCALE(293.#NPTS9.1) P~t 27
@00061 AAX(A)-X(NPTS.1) PLY 20
000065 AAXx(Z3m(NPTS.2) PLY 29
000067 Ayy(*).V(NPTS.1) FL? 30
9000071 AV'u(2)='NPTS-2) P0t 31
000073 AZZ411zaZ(NPTS#1) PL1 32
000074. AZZt2)aZ(hPTS.2) PLY1 33
00007? CALL AXISl0..O.,ILA8Ag-22o5..0.gAXX(1)gA)XX(2)I PLYT3
000106 CALL AXIS(O.,0.,ILABY,22.4..90..O..Ayy(2)) PLY 3S
000116 CALL FL1NE IA9Yv-kPTSs1.1t3) PLY 36
000125 CALL PLOT(0.i-4.,-3) PLY 3?~00130 CALL AxIS(0.,0.,ILAGX9-22* 5.*0.,AXXI1)*AKX(2)) PL0 36
000140 CALL AXIS(0..0.,ILABZ,10.3..q0..AZZ(1),AZZi2I, FLt 39
000150 CALL FLJNEfX9Z9-hP1S. 1.1 11) PLY 40
40015? CALL PLOTI.3,9.5v-3) PLT 4t
000162 CALL SYMB8OL (0*,0#..2-HEA01*0.,.0) PLT 42
000166 CALL 5VNB0OL(O..-.Z5,.14,HEAOZ2.0..401 PLY4b
000172 CALL SYM8OL10.*-.S9.1'.,tlEAO3.0. 14) PLI 4
009176 CALL t~~E(9.99,1.T0,)PLY 45
000202 CALL 5TM00L(999.,999.,.1'.,HEAO3,0.,41 PLY 46
000206 CALL FLO146.9-9.9-3) PIT 147
090211 CALL DASIPT40.99.*.25) PL? 48
000214 CALL PLOT lg.s.#*q99) PLY d69
000217 CO 20 Kz1.HPTS FLT s0
000223 20 Y'Ki'-Y1K) PL1 61
*00ZU6 RETURN PLY 52
000227 ENO PLI S3

NOTE TO USERS OF C0OMPUTER PROGRAM
a.

The cotnputev program Afor the prediction 'of gear mnesh
excitation spectra has the ability to plot tooth meshing
error. This meshing error ca.n be plotted if, and only
if, a CALCOMP Plotter is a part of the systen's hardware.
If this plotting hardware is unavailable, the plotting
subroutine (subroutine PLT (X,Y,Z,NP'TS)) must be
bypassed. This is done by placing a z ero in column 25
on card 2 of the input deck.
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RUN VERSION 2.3 *-PSR LEVEL 332--

SUOROUTIIE SPECI MAV9 14
--0*0002 flISWJ41ON GN(30003,RR(3000)I,(2001,GZ((002,KK(400)sGK1((200) MAY11-. 16
000002 COMM4ON PJ(80IPCJ(50h90J(502,AJ(5g),AJ(S01,YJ(S0). M4AY11 11

lA(IS54 0(15SO*1.6(3000) MAY11 12
0400002 COMMON ODAR4SAoJJ.CCYMNNNFNJCPYANR8.G)4.FAMMN,1lM G(ARC 1
6000002 COMMON/GU.'hMC.INTMMM.1PLTFN1.FN2,RqIRO1.RO~,N?1,RY2,RM1,IkM2,VI. MAY11 14

lTI,2,r1,V2,RP19RF2,vEIYE2,GE1.GEa.P0S1.POS?,ANQ M4AII1 i
*06"" -. RR5 44AY 11 16

0$0003 NMUO MAY11 17
C MW$z1.wSmSPfEE OF DRIVING GEAR IN RPM MAY11 is

C NWSe&2.W5sSPEEO OF DRIVEN GEAR IN RPM HY1 1
400000* RACADNP91001 NWSWS MAYI1 20
490016 NSaWS66.296,0. MAY11 21
-.000916 FmaVNI*MS16.26 M4AY11 2Z..
000020 IFfNWS.EQ.2) FNsFN2!**S/6.28 MAY11 23
000024 VRIYEtMW#110) Fos MAY11 24
000032 FCUFMONOF2. 04AY11 25
00003S NTmh*NMC MAY11 26
000037 TRANNC/FN MAY11 27
"04-41- Iu)..FM/N 4AY11 as
040044, F021..JTR M4AY11 29
000046 HNTY129 PAV11 30
00o051 SMam 14AY11 31
000052 YMTMA*"* MAY11 32
000055 BEal./7MAX MAY11 33
"~09S7 WMITE(N'Wt115) MAY11 34
000002 WRITE(Nw91?0) FC.FOBE MAY11 35
0A6474 WRITE(NW9I251 M4AY11 36

400000 WRITE(NW9120) I4,TR9TMAX9SM MAY11 37

80001114 SU14.0. MAY11 36I
000115 00 10 1.1,NT M4AYI1 39
000117 10 SUMUSUMOG(l) MAY11 460
000123 SA*SUMI'NT MAY11 41
000125 00 20 I.19NT MAY11 42
000127 GN4112G(1)-SA MAY11 43
6001232 20 CONTINUJE MAY11 44
00013* MM-Mo1 MAY11 45
000136 00 30 Is1,MM MAY11 46
000131 IRMI-1 MAY11 47
000144 FR(I)IwR&FC/SM PiAYI1 48
000144 CC%1./fNT-1R) MAY 11 49
000147 ARR(?0. MAY11 so
000151 00 2S J-1.th MAY11 sI

C RR1.(-)MAY11 S2
0015 F4(J.IR).GT.NT) GO TO 30 MAY11 S3

- 4000167 2S AR(I,=GN(J'*GN4J+IR)ARN(I) MAY11 54
000165 30 RR~tuRR4114CC M4AY 11 35
090172 M5sm-l MAY11. 56
000174 00 40 Km1iMM MAY11 57
00017 KK(KI-K-1 MAY11 56
6000177 GK (K)=RR4 1 RR(MKV)*4-1.I4*KK (K) MAY11 59
000206 sssac. M4AY11 60
000207 00 35 JK=1.'IS MAY14 2
000211 jJJSJK+I MAYI'. 3
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RUJN VFRSION 2.3 --PSA L.EVEL 332-- SPECI

000212 AAx3.lI.l6*jFK*K(K)/Sm MAY 11 62
000217 35 SSS=5S55.2..RR4JJ)'COS(AA) MAY11 63
000230 40 CKuK)b0K(.555S*2.*t4 MAY13 64
000236 CiK(I)-.S*GK(I$..S-GIK(2 MAY11 65
00024.1 GKK (MM) a.S*GiK(MI *.5*GI~ MM) MAY11 66
000246 CO 50 LL-2.m MAY11 t)7
00024.7 CIO(ILL2-.Z56IK(LL-1)-..5K(LL)..25DIK(LL.1) MAYII 6
000255 50 CONTINUE MAY11 69
000260 WRITE(NWi1JOI MAY11 7
000264 WRITEINW-1401 MAY11 71
000Z70 00 60 I=10141 MAII 72
000272 SP(=K( 1) 4/ (2 .05?M) JUNE? b
000277 wRITE(NWL50'KK(1I ,FR(1).GKCtI ,GK(~(i .5KM JUNE?
600314 60 CONTINUE mAYL1 74
000317 100 FORMAT(ISPE13.5) MAY11 75
000317 110 FORMAT(/IX26HMESHING FREQUENCY IN CP5 xPE13.5) MAY11 76
000317 115 FORMATl/7X2I4rC,'A2HFOIIA2HRE) MAY11 77
000317 120 FORMATIBEI3.5) MAYI., 78
000317 125 FORMATC/7gAHIttN2AHT~lIX4HT4hXqA2..SU) MAY11 7
000317 130 FORMAT/I/XýIHP0~fR SPECTRAL DENSITY rUNCTION) MAY11 so
000317 140 FOPMAT(/6X.1HK6A2MFR11X2HGKI1A3HG,(K10A2HKMI juNE?
000317 150 FORUAT(I7#3E13.59F13.5) jkpNE?
000317 RETURN MAY11 83
000317 END MAY11 84.
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APPENDIX D

LISTING OF DYNAMIC GEAR TOOTH FORCE ANALYSES-

TORRP (R-32)

- -* M~i~tPN.~FMAI . 001000~1c 000?0000
r P nGPtM TOPRP 00030000

-C----NF CA UAHNL~ INCOPPORATED, LATHAM, E YR 00040000
r AVLARS COPY NO.141-29-70o PHH 000c,00O0

C THIS PROG'QAM REgUIRES SUBROUTINES PL-ANSTMATTNBLOIOPcI3IVCOiv?, ooor,0000
-C---- PANGF.A¶MPFvCACO.CU8.ChiPY 00070000

flIAFNSION AXYC20),RXY(201 *LFX(20) 0 0Ofon000
flk4FNSION PRATt2),TFMPS(?).LMC(20),LTW(?019 LAST(20) OOOQOOQO

-- _COMMON TRR(2.2),THF(?,2),TPR(?,23,TPF(2,2),TFSPR(292),TFSPE (2,?), 00100000
I TFPRR(2.2) ,TFPRE(2,2hgTTPCR(2,2),TTPCE(2.2),TTGRR(?,?) ,TTORF(292)00110000

C~hlM0N RIPPI20 0),O ST (200 ) 9OM (20O0), DI N(2 00) 9 CS (930) 9L8 (S0)9fOD T Qa 0) 01 Pon00

Z ST (2),LRIR(20) *LAS(2(fl CCO)M(200), AXYI ,AXY?,8XY1,BXYRTLR(200) , 00140000
3 TLS(?00).THR(200),THF(2O0),TRP(200).TRE(200),TRRI(200) 00150000

- __--.COMMON A(7,7).'1(7,2).LS(20),RP(20),RC,(20),SG(20),TRR2(200), OU0160000 --

I TREI(200),T.HEI(20n).TLEI(206),TRE2c00)o)TTFR(20o)TTFE(20), 00170000
2 PSP(2).TIHP)(200),TLPI(200),THR2(200),TLR2(200),THE2(200), 001P0000

--.---.3 TL F2 (2 00) 9RL (20 0) 9PCP (2) 9PRP (2) 9Oi.lp (50) - -- 00190000
COMMO0N IT. K4,L4.MOIAGFRQ2,ANGRANGETQRTQE ,JqNS eýi ,NWvNRvNPLGOO200000
COMMON K1.K?,I(3,KQLlgL2.L3,L(,eLG(10ol.IRAN 00210000

--C - - Ng REFERS TO INPUT UNIT------------ . . .-- ---- 00220000
C NW REFERS TO OUTPUT UNIT 00230000

NR~s 00240000

MflTW=C 00 210000

mo,;G-o002'q0000

IFXP-0 00300000
200 PEaD(NR,100) 0sfJ310000

I,3p0 00330M0
FFI=0.0 00340000
rlY=0. .~--U .----- 003501000
flXY=0. 003 A. 000

-1L 00370000
--- IF (P-IOIAG -2)--3 D21 930209 3021--.- *-------- .. 00....3.0 3R 000 0.

30PO mPL 0 60390000
60( TO 3029 00400000

---30?1 IF(PADIAG +2) 3025v3022.302S - ----- --- -------- * 00410000 -

'0?p MP0L = 00420000
3US EAO iNW9102)G~AOENST 00430000

-TFN,0------------.--W'F(W10 .---.---.------------ 004460000
"IP1TR(NW,1031 00450000
WPITEUJw, ý06)NS,N9.NRP.NMPGINP.NSRGNPLG 004,i0000
L.ENST=DFNST/386. o69 0044300OU
-ý(IFXP) ?Q23920249?025 004.90000

AgAPJT=]./10.**IEXP 0560
* 60 Tc 20i26 00520000

-60l TG, ý02' 00540000

202% AIWITL10.**IEXP 00550000
W. - T2 'RTTV(NW . I D) 0... .. .-- .. . .. .000ooo-

D0 201 Jm1.NS 00570000
ROA(NRy190)NSTARIPb.J),RL(J),OSY(J).OMS(J),0IN(J~.CCOM(J) OOSRO0GO`

-- ------IF (NSTA-J) 2000 12001 v2000------ 00.. .. .. .. .. osOOo
?000 WPITE(NW9191) 00600DOO
2001 wR4TE(NW,108)NSTARtP(.J),R1.(J),QST(,J),O9S(J),DIN(J),CC2OM(I) (.0610,009
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?01 R1P(J) :RIP(J)/386.069 0062C0000

LOUT =0 0 066000
(1 NS. 00670000

VLEC()=NS 0Qf6no00O
LzOT . .0.-_ -_----- -- 006960000 I

LV:P I ) NS+?006700000
LPS(I=NS+20016A0000

LSP ( I ) NS+P 00700000

LGd11=N5+2 00730000
LFT=0 00740000
KLTC = .G- ... 00790000

LIT=O 00760000
LTW(1 )=NS*2 00770000

----~-1-FlNP) 2031920319203 ....~. -- --- - - ------ 070000
203 WRITE(NW.109) 00790000

r0( 204 J=1.NMi 00600000
QEAD(NR,190)Lq(J),8K(J).,BCR(.J),DMP(J) . . . .-.--- 00810000

204 WRTTF(NW,108)LA(,J),0K(J),EIC8fJ),0MP(J) 00820000
2.031 IF(NSPr,)206.206i2032 00830000
-2032 WOfTE(NW-Il?) 00-...-.-.-. o840000

WRITE (NW, 113) 008"10000
00 209 I=1.NSRG 008A0000

.QEAr)(NRslQfl)LS( 1) RP(I.) iRG( 1) SG(j) ~-..- . - .------ 00870D00

?65 WPITF(NW.10S)LS(fl .RP(I)#P,~(1) .G(l) 008f(0000
20A IF (NPt, G)210 v210 9209 0D890000
-29WP ITF(?MW 9114) - . ----- 00900000

00 212 J=1,NPLG 00910000
PFA0 (tJR,1q0) LEC(J) ,PN(J) .RSCJ)9RW(J) 00920000

I --W TF ( NW. !?7) ..... 00930001).
WPI1TF (Nwiq108) LEC(J)*PN(J).RS(J)tRW(J) V094000,.
READ) 4NR,1qO) IPLPMS(J1,PSP(J),PIPCJ(,PRPCJ),pcp(j) 00990000

* -~---WRITE (Nw. 128) --..-- 00960000
WRITE (NW9108) IPL.PMS(.J),PSPCJiPIP(J),PRP(J),PCP(J) 00970000
REAO (NRP130) IPLvSS(J,.SR(J)tSW(.J),ST(J) 009lR0000

.WTE(NW.129) . . - -.----- 00990000

wPITF (Nw.131) !PL9SS(J),SRU,) s5W(JI .ST(J) 010000010
PSP(J) =PSP(J)/3ii6.06Q 01010000

PCP(1:PP(J/3'6.06 - - ... .. . - ... ... - -01020000

PRP (JI =PRF(JI p3A6.069 01030000
P10(J) =RPT(JI /3M6.069 01040000

-.2?l?.PMS (J)=PMS(J) /386.069 ------------------.- - -- 01050000

210 IFINRR) 2130*21309214 01060000
214 WPlTF.(NW.118) 01070000
----00 219 J=1.NAP - -. -- .. .----.--..-. 10 o0

PE4D(NR.101) LBR(J1.LRS(J) .LMCCJ) 010OQ00O0
215 WRTTE(NO#1191 L8R(J),LclSCJ) 01100000

-?LI-30- 1K5NS-1..... .--. - -.. 01110000
00 216 J=1,KS 01120000
ClýPL 'JI 01130000

------ C... . . . . . .01140000

IFICI) 217921(,9217 01150000o
217 IP'tC2) 21892169218 01160000

* ~~--2-18 CS=DIN (J)*DIN (J) --.-.- - . .. 01170000
C4=csoCs 01160000
C6=DMSIJ1*D)MS(J) 01190000

----- C8=0.09817477*(C2*v4-C4I------ ....... . .. ... 01200000
C3=CS*GM 012410000
C4=0.098174T7*DENST* (C8*C6-C4) 01220000

r0!)T (J) C1 /C3 01230000
OlJ Cl *SORT (C4/C3)--- . . . . . .01240000

=I(J SQRT(C3*C4) 0129O0000
216 CONTINUE 01260000

5 01 IERR.eINMPr7-----.------~. .. 01270000
FFO=0.*0 012'(0000
AXY1=0.0 01290000

--- R. Y-I.... 001300000
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AXY2=0.O 01310000
RAY2=0. 0 013?O0000

----- MA ~ ---- - -- - --- -01330000

IEY 1 01340000
4009 PEAO (NIR190) IrTEI*TF2vTE:3vTE4vTES*TE6vNEX 01350000

cxyTEP 01370000
lk nY!:TF3 013A0oo0

--- IF (INFA) -20139401094010 -- ----- ------- 01340000

4010 IFCIEX-1) 40i29401194012 01400000
4011 MAX = NEX 01410000
-4012--00 2Gll 1NP------- ---- *-- - *--- 014?O0000

IFUIT-LSCI) I 20119201092011 01430000
2010 AXY(IFX) = TF2 01440000

L~EX(EX) IT 01460000
WRTTF (NW.194) 0 1470 000

-~--.WPITF(MIW.10g)TTTEITE2,TE3------.------.-14---0-
IFIX z EX +1 014C06l00
IF (ZEX- (0AX) 4009,400992020 01500000

-2011- CoPiTINiUE ----- ---- - --- *-*--*------01510000

TF(NPIG) 301)9,301992013 01520000
P013 00 2017 1zlNPLG 0 15300 0 0

-- ----- I F( I T- LE C (I) --2 017 #2 014..2 0,17---------------------------- - - 0 154 0000
P014 WPTTF(NW.195) 01550000

AXYl =TE2 01560000
*--X1T3 - .------ ~ ~ - ---- - ----------- 01570000

AXY2=TE4 01590000
RXY2=TE5 01590000

.------WRITE (NW9108) IT9T.El-vE2,TE3,PTE4vTES -*------- - ~ - 01600000
G~O TO. ?020 01610000o

2017 C(PJTINUE 01620000
-3019-WR1TV(NW*192) --- ---------- - ----- 01630000

IFIINP) 50f,#2009506 01640000
2020 FP0=6.2831S53OFFQ 0160'i¶190

599 FPD?=FRG*FRQ 016701.00

5020 8RAT(1)=1.0 01700000
PRt.TQ() 0.0 0171 f000b

I4lANl 0 1 ',

-502 -ANr.P0.D 0-- ----.-- - .... . - - - -* ioo 016

IFICIOP) 5021.5322v5J~1 .. 1610
5021 ANrRzAINT 01770000
-j5022--ANrE=(.O ------ *--------- - - - - - - --- '1700co

ANrE=0.0 02790000
TOP=0 .0 c laCnooio

---- ToC's0.0 *--.-.----- .- olelorlo
A13R=0.0 o18?2050
A13EmO.0 0 16300ý0

K4=1 .018060 f)0

LI :LFIR (1 1900
L?=LP '1) 01 9000Q0

KA I.--- --_ - - - 01910000o

L31=L.' (1) u )I1~Lfl0

L ,fý- - - --- _.- -- . - 0)940000

r00 TO t2i7,??C),ml 01990000
P?7 ANc6W1IIN( 01 9A'0300

- 2 w'1 ,I- I . .. . - .- . - ' .. . 0 197 )a0 (l
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*I~ -- - --- 0000

KLT= 1 0?01000G
2275 IF(NSP) 2280922$09?279 02020000
-2279 L.F:LRR ( 1 0 -- *- ?030000

LOUJT =.MC( 1 02040000
IF(LOUT) ?272282278~ 020o000o

-2??7 LOUT=-L OJ2 7 --- 22. .- . . -- *- 02060000
?278 LI=1 02070000

KLZ 1 020f90000

22?(1 IF(J-LF) 249923009249 02100000
230n CALL 91LO0P(L(3~,L8SLMCLIKLLFNBRLlTKLTLFT) 02110000q

GO--C~ TO P49........-. . . .-.-.--.-- 02320000

22Pý2 IF(J-LI) 23192309231 02130000
23C IF(M1-1) 23292329234 02140000

-- P 4 1R AN ------- A----- N--- =- 102150000

232 TLIR=TOP 02160000
AL 1R=ANGR 02170000

- - TLIE=TGE ------.--.----------. 021A0000
ALIFANGE 02190000

5i62 ANGR=AINT 02200000
____ ______02210000

TrP=0. 02220000
T0F0.___ -.. 02230000

--- 413p~o. ----- -.-.- 02?40000

Al 3F:=0 022q0O000
235 K5=LF4S(Kl) 02260000

............................................. ----------. 02270000
K 1 =K - I 022H6f000
IF(NPP-K1) 237923bt236 022Q0000

GO TO 249 02310000
2~37 Ll-INS+2 023R2000

?31 IF(J-K)) 249.24A9249 02340000
248 hAl =(ANGR*ANGR-A)NGE*ANGE) 0?3'LQ(P00

____ ý'- - . - - . . 23f~00cc
AtP= SQRT(AAl) 02310000
AA9 =ALIROANGA 1.AL1E*ANGE 02360000

-----AA3 =(ALIP*AL)IR .+AL1F.*ALIF) - -.----.--.. -.- --- 02390000
AA4= SOPT(AA3) 0?400no0
IF (AA2-;.0E-7*AA4) 24292419241 02410000

-241--AAP -=AA5/AA1 . -...- . - .. -..---.-- 02420000
AF=(ANGP*ALJE-. ANGE*ALIR) /AAl 02430000

TFl = TOR 02440000
TEP = TLIP 02450000

--- T3=TOE -__-- --.---- * -.. - .0?46nO00

TF4 =TLIF 02470000
ANrP= ALL1 0?480000

-- ANrF =ALIF -- . . . . .. . .-- - - 02490000
K 7=P6 0?b00000

I-F (Ml -2) 2420-2410.2,20 ---- *. . . .. ---- 02r)20no0
7410 JF(IRPAT) 2411,?420,7-411 02510000
?,0 !,(1~lrAT-) 24204241i2,2426 0254O000

-4! -' HAT ( I)=AAR -. -.---- -.-- - -- - -- - -- 0 joooo
RPAT (2)=AAE 02560000

.14Ž AtM 1 AAS/ AA3 0?5900J0
AAV I A' I *ANc.E. Al-It *ANGR) AA,43 0,16 0( )0 00

S-TH F TL 1]-- - - - --. . . - .---- - 02"2l0000
TEF = T lO2 02(£20000
IF3 =TLIF 02630006

V7.-1 A2 (.90000
ýA zr,1 C0i660000

1ý 4111-P) ?420.24t,0,?..20 -. -.-.... 0?67O~U0
ý44 t

J 1F(IeRaTi 24 41 ,242f) -?441 0?"Fl0$0 0
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2-420 TOP = AR* TFl -- AAF4 T3.E--- ----- * --.----- 02700000
TOF = AAE 4TEI + AAROTE3 T E'. 02710000

243 00 244 L=K7.KR 02720000
--- Cl vTLR(L) ----- - --.- ~.-.- - ----.----- 02730000 -

C2 =TLE(L) 02740000
C3 = THR(L 02750000

CSýT~R(L 02770000
C6, = TRE(L) 0?780000

--T ()=AAR*C1-AAE~*C2 .-------.--.. --- *-*.--- 02790000

THP(L) = AROC3-AAE-*C4 02000000
TPP(L) AAR*CS-AAE*C6 02810000

-- TIYCI (L AAEOCl.- AAR* C2---?-------- -- o 00oo
THF(L) a AAEOC3+ AAR* C4. 02830000

244 TOF(L) = 4AE*CS* AAR* C6 02840000
-249 THC(J) ANGE02050000

TLE (J =TOE 0800
THR CJ)=ANGR 02870000

(J) TOR-02880000
cfl=o.0 02A90000
IFIJ-L.?) 2844283s2g4 02900000

-2A3- Cl=RK(K2)------------- -------.------ 02910000
CO=MP4~(X2) 02920000
CZ=qCR IK2) 02930000

-- K2K2+102940000I
IF(NR-X2) 261.2609260 0?9s0000

260 L2=LRfK2) 02960000
---C0TO ~e.------..--~--.----02970000

261 12=NS+2 02980000
60 TO 289; 02990000

.-- 284--Cl=0.0 - .--- -----------------.- *--*-.--..--- 03000000 -

C2=0.0 03010000
285 CI=CI-FRQ2*RIP(J) 03020000

C2FOC --- - -----. . -- - ----- 03030000

TQE=TOE*C1.ANGE +C2*ANGR 03040000

TORmTOA#CI *ANGA-C2*ANGE 03050000
IF (J-LOUT) 28539265092853 030A0000

2850- J1=Lfl(KL-1).......~- 03070000
TQP=T0R-TLRlJl) 03080000
T0F=T0E-TLE (Jl) 03090000
IF(KL-N8R) 28519285192852-- -*..03jon0fl00

2851 LOUT=L,4C(KL) 03110000
IF(LOUY) 2048.2A53.2853 031?0000

--.... --- ~. 03130000
G0 TO 2H53 03140000

2A52 LOUT=NS*2 03150000
-P8S3. TRF W) TOE- --- -- - -------- 0316060P

TRR U) =TOP 0317!)Ql 0
IF(,J-NS) 286.287.287 031&VQ000

-287.1I.1M1-1) 010142-----------. -----.-- 03190000
?A26 7F(J-L3) 2889289v288 032300000
2A9 CI=RP(K3) 03210000

CP=RIK3 ----.--- -. --.-- , ---- 0322?0000
All=-Cl/CP (3230000
A22=l .0/All U3240000
A21=0.0 ---- - -- - - * - - - -03250000

A12=-SG(K3)/(C1*C2) 032AODO0
K3=K34 1 032703000

. 1FK3-SRG-109,1l9~-020------------- .------.------- 03;?80C000
109L3mLS(K3) 03290000

-1020 13.NS.-2 .. ... _______ 03310000
1021 IF (41-1) 351.3S1,251 03320000
21;1 IF (LFX(NEX) - J) 351928999351 ')3330000

,;?99 IF 041-2) 2909290092900 --- -- __ ---..---..- 03340000
P90ý1 IF.(IBR4N) 2901v291092901 03350000
12901 IF(IAPAT) 2902#2903.2902 03360009~
-2902 WRITFlNW9,136)-------------------*--- --- . 03370000 -

ISFP~I 033VO0000
60 TO 351 03 39)0000
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-2903 1?.t Al A T=2.----- 0A100000j
60o TO 290 03410000

2910 IF (I PPAT) 2912, 9lf.2QLZ' 03'.2C000
*~?%I I T8RAT1............. 0343C----

*1GO TO ?9nl 03440000

P91? IF(8RATm'-1.0) 290292913,2902 03450000

--000 I FX NER X41( ) 2 9 2 9 9 0 3 45 0 00003

290 A13R=-AXYCNEX)/C2 .03470000

S1 3F=-9XY NEX) /C? 03440000
-IF' (NF-P4X) 50009.391051--- -- ----- 0. 3'qooou

(-0l TO I51 03510000
IFR4 ~(J-L4) 2559254*255 -.--.---- -- - ...---.-.--- 03520000

109? U (K4-1G) 109291092*1095 03540000
jn9P IF (K4-61) 109S91096.1095 03530000

-1096. IF. 041-1) 1093,P10931-1094- -- -__-- - -------- 03550000

10 c)3 wR1TE g(w.l81) 03560000
GO TO 10q9 03570'n00

-1 n94 WPI TE 4NW 9182) .. ~- - - ~. - - - - 035,ý0000

1095 CALL PL.NST 03590000
GO TO 503 03600000

--.255-,CI=RL(J)....... -- _____ ----- ...-- ~ 03610000

7$'(CI) 257*256.257 036?0000
256 AlI=1.0 03630000

------AI2 zCCOM(Jý.---.-----..- -------- .-13640000

IF'(CD) 30019300093001 03650000
3000 A21X0.O 03660000

hF??1.0 03670000

00 TO 3S1I.- 03680000
3001 TEMP=l.O*(FPQ*CD*A12)**2 03690000

--- ..-ANfP=AHGR fA 1240R+7VEMPI TOE) /TE04P C3110000
ANGE=ANGE* (A12*TQE-TEUP1*TQR) /TEMP 03720000

GO TO r~03 03730000

-- 24i7 -C 3FRflODMS JI J) . ..- *---. - - .----- 037400C0

25A C4=C3OC3 0.37.' f 0 00
---A 11 - I..0 -0 . *C4- .---.- . -- - 03770000

A22=Al1 03780000

A12=fllT (J) 0379o000 j
-.- AP1=-C3*01?4J)- 46 ------- . . . ----- 0~00

60 Tfl 35) 03610000

259 All= CoS(C33 03620000

CS:rDIN (J, FAQi 03840000

C4z S1PNIC3) 038SO0000
----- Al?:y.4/C --- --- 03-9'.0000

A?1z.C4*C5 03870000

351j Cjm.ANGF 038800000I.
-.......- If ~I *ANGE*Al 2*TGE+A1-3 E- --------- ------------ 03690000

TQE=A21*Cl *A22*TQE 03900000

Cl =ANGR 03910000 .

*~~ 144 R~ 03920000

41A3R=0.0.....-- . --------- 03940000

503 Jmj*3 03960000

IFWJ-N51 2280122809401 03970000
ko-*0L7F(mfl1hGo1) 41,1,1--- -. .0398000r, -

1090 W'R1TF(NWv1P)) 04000000
i0 -WftE N o1 6 ---- -------. - 04010000

wRITE(NV,,701) 04020000

411 00 403 J'.1.NS 04030000

--. J---TPW----1. .. . 04040000

THPI fJ)='iH~PtJ'1 0405~0000[

TLPI 'j)mTLP(J.i 0405,0000
----- T1F'11.'vTRE 'J)......----- - - -- - ------ 04070000

Toy~ (J) 2TI.F (J) 04080000

TLE I1(J) alLr W'.) 04090000
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IFtNDTAG41-) 103091030.403---.--- - --- -- *----------04100000

1030 WQITT(NW,108)JTHR1(J).THE1(J),TLRI(,J).TLEI(J),TRRI(J),TRE1(j) 04110000
4n3 CONTINUE 04120000

60 O 70 5 04140000
402 IPLT~l 04150000
--- IF(flRAT(l)-l.0) 4132.4130.4132 .-- __--__------ -. 041()0000

4130 IF(RPAT(2)) 41324413394132 04170000
4132 IPAT=2 04180000

-4.133- IF(M[DIhG*1) 42124- ------------ 04190000
412 !FCNPLG) 4149414,415 04200000
414 WRIIF(NW,1A2) 04210000

WPITE(NW,701) 04230000
413 00 404 Jzl*NS 04240000
----IF(IQAT-2) 4040*4041-v4044------------------ - -*-. 04250000

4040 TLR2(J)=TLR(J) 04260000
- -- -THE2(J)zTHE(J) 04270000

TLF2 (J) =TLF (J) 042ACOOO
TfRPR(J) =TQP(J) *- - - -- - - - - -- 04240000
TPF? (JI=TRF (J) 04300000
THQ2 (jI THP (J) 04310000

---COTO 4045 --- - 04320000
4041 TEMPSM1)TLRW) 04330000

.TFMPS(2I-ýTLE(J) 04340000
- CALL cn I v(TEMPS *BRAT-rTEMPS).-- 0----. . ----. --- 4360000-

TLR2(j)=TFMPS(1) 04360000
TLF? (JI T~mPS (2) 04370000

-----TEMPS(1v=THR(J)--- -- -- 04380000
YEMPS(2)=THE(J) 04340000
CALL CDIV(TEMOS*BRATqTEMPS) 04400000

-_THP21j)ý.TrNPS(I).-----~------ -- - - - - 04410000
THF?WJ)ýT~mPS(21 04420000
TFmPS( 1)=TRR(J) 04430000

----- TENPS(2)=TPE(J)---------- - - - - - - - 04440000
CALL CDIV(TEMPS*8RAToTEt4PS) 04450000
TRP2 (Ji=TFMPS (1* 04460000

--- TPF2 (J) =TE MPS (2)- - - - - ------ - - -- - --- 04470000
4045 1F0'DIAG41) 1040.1040,404 04490000
1040 wRT(4.CgH2JqH2JgL2jiLZJqR2JtR2J 04440000

-44CONTINUE . 0 ----- ~4500000
IFUIRAT-2) 4050o4046940S0 0(4510000

4046 IF(NPLG) 4050.4050,4O47 04520000

CALL Cn~v2(T8P.TSE,8PATKK,I4DIAG) 04540000
CALL CDIV? (TPR9TPE98RATvKKqMOIAG) 04550000
CALL CDIV?(TFSPP*TFSPE9 BRAT qK*,M9IAG). - -- ---- 04560000
CALL. CDIV? (TYPRR.TFPR~o,!RATKK?,MDJAG, 04570000
CALL COIV?(TTPCP.TTPCE.BRAT.KKMDIAG) 045AOOOO

-44-CALL CD TV? (TTG~RRTT.3RE v R.AT.Vr.m0rAG)--~~..---*- ..-.----- 045q0000
40950 (,I r: pq? (NS) 04600000

C?-'TkFN~'S) 04610000

C4z7REI(N3) 04630000
C5ýC4/C3 04640000

VON C6=r3.C4-rF _ --. .... _ . --. .- -- - --- 04650000
Dlk-(C1.C';*C2)/C6 .04660000

0 1 ý= f'lo~l-C2)/C604670000
If----' Uý,OdAG-2) I049v 1051 v1049.........---- ---------------- 04680000

I049 IFWM~tAG) lV50olOS1,1050 04690000
1050 WPITF[NW.jAi3,) 04700000

wr-. . . . . . . . . . . . . ..----- 04710000
WRITF (NW,7 1) 04720000

Irisi L ýý1 04730000
D-..fO 407 J=.N I NS----

r %IH41 1,) 01 R IHP2 IJ) -G1E*THEI(J) 04750000
C?-THRA-(J)*QlEe.THE2(J),(JIPITHEI(.J) 04 7(-, o(, ou

---- r---3z TLP I CJ)401R+TLRF(J) -QIE*TLE1(J)----------------. 0477(,00()
C~TP J 01E L ~)+TL.I()* 047810000

CS =TRR1 (J '01 UolF'*Tfi~i l(J.TRR2Ji 04740000
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NGS =LS(L) 0830
TF(J-NGS) 1054%.110091054 048ZO0OOO

-l100-TTFR(L) -C5/RP(L) - -* .--.- 0800
TTFF(L) =C6/RP(LJ 04840000
L =L*1 04850000

-1054A-I(MOIAG) 10S55407* 10 55----------------..--.- _0.186Do0O -

JOSS IF(MPOL) 1056*1057i1056 04870000
1058 WRITE(NW,1OB)J.C1,C2,C3,C4,C5,C6 048840000

IF(MPOL) 407,1097.1057 04890006
-105~7 THI 4P1J)=A'PF(Cj,C2j -- - 049900000

TtiFl(J)=PANGF(CI.C?) 04910000
TLRI (J)=AwPF(CZ3*C4) 04920000

TLR2(J)=hb'PF(CS.C6) 0 4943 000
TLP'2Cj)=PANGF(C5.C6) 0-4950000

--47C0.ITINUE- -- ~ - - - - -~----- -04960000

C TEST FOR POLAR FORM OPTION 04970000
IF (MPOL) 1'ý95, 1058, IOSA 04980000

-105ft WRTTE(NW*I?6)----------------------------- 04990000
WR1ITF(NW. 123) 05000000
DO 1015). Jý1.NS 05010000

-10;9 WRITFfNW,1fl8)J.THPI(J),THI4F(.J),TLRI(J),TLEI(J),TLR2(J),TLE2(J) -- 05020000
1195 IF(NPLr;) 1?O191201411'96 05ý030000
1196 IF'MDIA4G) 1191,9120191199 05040000

1-- 290 00 J=1.NPLG - ----------- 05050000
C7 =PN(.J) OPSIJ) 05060000
C8 =( RS(.1) +2. *PW(Jfl*P)N(J) 05070000

~ .. ------ *----050$10000 -

C2 =TpRC1,J)*G1E.TRF(2.J),031R*TRE(1*,)) 01A90~0000
C3 =C*T5RJJoltFP(9)'IOFP(*) 05100000

-------- C-4 =COTcRlJ0;E*FSE2J#I*FP~~) 05110000
CS =TTPCR (1 ,J)*Q1RTTPCR (2,J] -O1E*TTPCE ( 1J) 0512*0000
C6 zTTPCR(1,.J)9Q1E*TTPCE(2,J) 4QIRQTTUCE(1,JI 05130000

I F MPL) 106 9 f) IY- 0 0--05140000-
1060 WRITF(NW.700) 05150000

WPIIE(N,(,701)LEC(j)qC1,C2,C3,C4,C5,CA 05160000
- - --IF( POL 10 6 3,10 6 1-o10 6 ' 17-.----- -- - - --------- 0 l0000 0
1061 WRITECNW9700) 05180000

.. p~ 1 05190000

T~?=PANGF (C~l C`2) 0'5210000
TF=A"PF (C3.C4) 05220000

-T F =P A NG F(C 3,) --.-- *- C. . . - --- 4- 05230000 -

TCS~r.AmPF CriCL,0 05240000
TE6=PANGF (CS.C6) 05250000

-- W P IT F(N W*12 3)--------- - -- - ----- -0526000 0-
vP'YTF(NW.Iý;6)LEC(.J) ,TE1,TE2,TE3,TE4,TE5,TE6 05270000
GO TO (1163,120O)tJP 05280000

-14 ---- *--GR*P(PJ)OEOP(1J 05290000-
C? =TPP(1,J)*O1IE.TPE(2,J) +QIR*TPF(1..J) 05300000
Cl =C8*(TFPR1,IJ)*Q1R*7PRR(2,J)-OIF4ITFPRF(1t,.fl) 05310000

C9 =T1,rRR(,J)1r)I+TTrRR(2,j1)-01FOTTGRE(1,J) 05330000
C6 =TTGR(1,,)*01EvTTGj(?.-.(2J),Q1R0TTrRE(1,J) 05340000

-.- IF(MPOL) 1064,1065,1064 .. .. . . . . . .-.---.- 05350000
1064 WPITE(NvI,7f2) 05360000

hP1TF.NW,701)LEC(J),Cl9C2,C3,C4,C.5,C(S 05370000
IF~mPOL). 1200911065*06r*-------- ---- - .--.-.---- 09360000

In65s JP= 0539~0000
WP!TF (NW970?) 05400000
-r7Q TO 106P------------. . . . . . . OS0410000

1200 CONTINUE 05420000
1.'01 1F(NSP,5) 12D79120791202 05430000

--I FOP IFIMPOL) 1703.1205tIP03 ---.---..- - . . . . --- 05440000
1203 WPTTr(NWv1A0) 05450000

00 1070 j=I.NSRG 05460000
-1070 wRITE 4Nw,10P) LSIJ)PTTFR(J)*TTFrE(J) --. . . --- 05470000

IF(MPOL) 1207,1?0591205 05480000
1205 WRITE(NW9124) 05490000
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'I Do 1?06 05500000...
- - - I-IIP'(TT R () * TFF(J)05510000

C?=PAt8F (TTFR (JI ,TTFE(J)) 05nO
'206 WPITF(NWsl0ARLS(J)sCI9C2 05530000

-1207 IF(NPLG) 1219*121991079 -05540000

1079 IF(MPOL) 1210*121591210 05550000
1210 WP!TF(NW9122) 05560000

-1215-00 1080 ~ . . 05570000
TF1=TFSPR(1.J) 05580000
TEP=TFS0P(?qJ) 05590000

---- TE3=T~FSPFI.J 05600000

TE4=TFSPE(P*J) 05610000

C1=TE1*O1R.7E2-TE3*Q1E 09620000
---C2-TE'OQ1E+TE4*TE3*Q1R- - .... . -.- 05630000

1076 TEI=TFPAR(19J) 0564.0000
TE2=TFPRRC?*J) 05650000

--- TF3=TFPRE(lsJ) .- -. --.. - 05660000

CI=TEI*GIR+TE2-TE3*Q1E 05670000

-- -- 4=T I*QI +TE +TE3 QIR -- -- --- 05690000

IF(MPOL) 121691077v1216 05700000
1077 THQ1(J)=ANPF(CIVC2) 05710000

---- THiE 1(J) =PANGF(Cl 9C2)-.*. --. . --. . ------ 057?0000

TLR1 (J)=AmPF(C3.C4) 05730000
TLF1 CJ)=PANGF(C3.C4) 05740000

-.-- 80,- TO 1080 0.. --- -- 5-... . . ------ 07000
1?16 WRITE(NW.1OB)LECCJl) CIC2.C3,C4 05760000
10A0 CONTINIUE 05770000

- -- -.- IFIMPOL) 11q1717-------............-----. 09780000
1217 WRITE(NW,125) 05790000

00 1?18 41I.NPLG 05800000
-219- WRITF (NW91018) LEC (J) ,TNR1 J).,TME14IW, TLR1 W) ,TLEI ()--.-.-- 058101000
1?l19 IFINFX-MAXI 500795019501 059?0000
9;007 IF(ISEP-lI 5009,500895009 05830000
-5004--ISFP=2...... --... --- .-- 05840000

GO TO S020 05850000
9009.........- 05860000

--- -- I (NF-MA)- 020v01i50105870000
9;01 CONTINUE 09880000

S010 IF(INP) 506.200.506 09890000
----506-C&LL EXIT................- *.- 05900000

100 FOPMAT(72HI 05910000
1 05920000

-101- FORMAT (915.5Xv3159 1OX915).....~. 05930000
102 FOPmAT(5X.(6El2.41 05940000
103 FOOMAT(82HO TORSIONAL RESPONSE OF THF SYSTEM WITH GEARS4EPICYCLIC 05950000

--- 6jGARS AND BRR4NC'*.9 PN408 05960000
109 FORMAT(8X6E12.9) 05970000
106 FORMAT(1HO,1X,8HTATIONS.1X,12N8RG.EXT.CON.,2X.AHP.RANCHES,1X, 05998000

-----19HNO.OF FRQ,?X98H4INP SFTSoi2X98HSR GEARS,2Xt8HPL GEARS/ .. .09990000

2 I7v6XqI19,2X.5I10) 06000000o
107 FOP.HAT(/5X.iý)HRt..T0 DATA//4Xt3HSTAq1Xvi2H 1MOM.INERT.,3X9 06010000

--. 1HF 0H4XlH;T IFFN.DIA,3XRHMAsS nIA,3X,99INNER flIA 2X9 06020000
2121'CONC. COMPL./4X3HNO). aX 9HLAS-IN**?,7X,2HIN,10X,2HIN, 10X,2HIN, 06030000
3l0xv2m1Nq6Xv. 9H;;AD/IN-LB) 06040000

-.- 1o8-FO0MATUI7*1K.6El2.5 .. 06050000
109 FORMAT(/1HIq7X,461¶FXTFRNAL TORSIONAL CONSTRAINT AND DAMPING DATA//06060000

1 4X93H-STA92X4 9HSTIFFNESS,2X,24HDAMPTNG- (LB-IN-SEC/RAD)/ 06070000
2----2-4X9,3HN0. v Xg I1MLR-IN/'RAfl) 2X.,9HT0 GROUNDv2X*I2HTO NEXT -ST-A..)-..---01080000

112 FORMAT(/1H199X926HSINGLE REDUCTION OFAR DATA) 06090000
113 FORMAT(/4X93hSTAv3X920HGEAR SET RADII (IN.)f29, 06100000

1 31HCOMBINED 1AN6ENTIAL COMPLIANCES//QX9IOHFIRST GEAR.2X 06110000
-2-,IIHSECOND, GEAR.3Xv7H(IN/L8)) -- 06120000

114 FORMAT (/ISXI8HPLANETARY SET DATA) 06130000
11e FORMAT(/5X,1TH9PANCME.S /6Xt7HFAR END95X,6HCOMI4ON) 06140000

-- +14-FOPMAT(6Xo3(I5*5X)) . -06150000

120 FORMAT C 1HO.SX,11HFREQUENCY =9E14.69?X,3l1CPS) 06160000

121 FORMAT(/1N1) 061701000
-- l-?2-2FOQP4AT(/ AX.1.OHCOtMPUTED RESPONSE AT PLANETARY SIEAR SETS//' . 06180000

I IOX,43HTANGENTIAL TOOTH FORCE AT EArH PLANFT MIPS)/ 06190000
2 4X,3HSTA,.AX, 10HSUN-PLANET,13X.I1HRIN6-PLANLT/ 06200000
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--34X.3HIN0.,.)4HPEAL,6%X,9HIMAGINARY,5X.4HREAL,6X.9HIMAGINARY) 06210000
123 FRMAT(9X.9HAMRLITIJOE91X.I3HPHASE-ANr,.nFG,1X.9HAMPLITIJOE.1X* 06220000

1 13NPHASF-ANGqDEG.1X,9HAMPLITUOE,1X,13HPHASE-ANG.DEGI 06230000
-124 FAPfltAT(/A.36HCOmPUTE'l RESPONSF AT SIMPLE GEAR SET/ 06240000

I/ 4X93HSTA.2X.29HTANGFNTIAL TOOTH FOPCE (LBS)/ 9,90HAMPLITUDEs 06250000
2 IX 913HPH.ASE-ANrC,fFG) 06160000

-125 FORMAT(/ Px.4AHCONPUTEt) RESPONSE AT PLANETARY GEAR SETS// -06210000

1 1OX,43H1ANGFNTIAL TOOTH FORCE AT EArH PLANET (LBS)/ 06280000
2 4X, 3STA.8X.qIHSUN-PLANFT,13X,11HR!NG-PLANF.T/ 4X,.3HNO.,ZX# 06290000

- -3-9HAMPLITU0)E,1X13HPHASE-ANGDEG,1lXQHApPLITUOF,1X, 06300000
4 1'.HPHASE-ANG.DEG) 06310000

126 FOPMAT(/ 4X,3HSTA,4X.19HANCULAR DISP.JRAD.) .SXo BMTORQUE-1,2XV 06320000
- -1I AHCIN-LR9)S.oX. 8HTOROUE-2,2X,8H(IN-iRS)) .. 06330000
127 FOPMAT(/4X.3HSTA.4X.6HNO. OF.tlxi3SU.N,7Xt6HPLANFT/ 06340000

14X.3HNO..3X,7HPLAN'FTS,4A.1OHRADIUS(IN) ,2X,IOHRADIU;S(IN)) 063c)0000
-128 FOPMAT(/4X.3HSTA,2X.10HWEIGHT(LR8),i.X.41HPOLAR MASS MOMFNTS OF INER06360000

ITIA (LRS-INo'2)/ 4X.3HrJO.,4X,6HPLANET,8X,3HSUN,7X,6HPLANETTX* 06370000
Z4HRING, TX. 7HCANRIER) 063HO000

-1-29 FPOQAT(/4X.3HSTAAX.?fNCOMPLIANCE- lI[NEA.R(IN./L8),I6Xv 06390000
1 15HCOM4-ANG(RAD/LB)/ 4X.3HNO..2X,1OHSUt(-PLANET,2X,11HPLANET-RING% 06400000
2 IX. 1OHPLAN.-CAR. ,14X,1 1HRING-CROUND) 06410000

-130 FOPMAT 4IS.3F12.4.1?X.F12.4) - .- *-. 06420000 -

131 FOPMAT(17.lX.3El2.4, 12X@F12.4) 06430000
132 FORMAT(/SX. 13kRIANCH OPTION915) 06440000

-415 FOPMAT4/rpX.I0HSHEAR MOD.,*2X,11HWT. DFNSITY/9X, 9HLRSfIN**2 93XP 06450000
1 9PiLRS/IN**3/6X.2EI2.r-.) 06460000

136 FOPMATI/5X.35HAflDED) EXCITATION TREATED SEPARATELY) 06470000
-.-4gn FOPMAT (/A'/.36HC0MPUTFD RFSPONSE AT qTMPLE GEAR SET/- 06480000-

I/4X ,3HSTA .?X9?AHTANGFNTIAL TOOTH FORCE (LRS)/I2X*4HPEAL,6X, 06440000
2 9HIMAGINAPY) 06500000

*.11FORMAT(12H.0DIA45NOSTICS/5X,93HFIRST PASS- UNIT AMPLITUDE AT STATIONO6510fl00
I 1-NO EXCITATION) 06520000

182 FORMATU12HODIAGNOSTICS/5X,5JHSECONO PASS- ZERO AMPLITUDE Ar STATIO06S30000
-- IN I- wITH EXCITATION) . - 06540000
183 FOPMAT(42H-nOUTPUT- COMPUTED RESPONSE AT ALL STATIONS/ 06550000

IIOX.63H(TOPQUE-1- GOING INTO STATION. TOPQUE-Z- COMING OUT OF STAT06560000
?ION)) - . 06570000

184 EOR4AT(8X'bHTFSPRR1 6X.6HTFSPR2.6X.6HTFSPE1,6XAHTFSPE?,o9Xt3MQ1R, 0658ý0000
1~9X3H401E) 06590000

-1A5 FOROT(8X,6HTFPRR1,6XSHTFPRR2.6X,6HTFPREI.6X,6iiTFPRE2).......06600000
190 FOPMAT (19i.6E12.4v13) .06610000

191 FOOMAT(309'OSTATION NO. INCORRFCT OR OUT OF ORDER) 06620000
--19?2 FOPMAT( 37HOSTATrON NO. FOP GEAR ERROR INCORRECT) 06630000
194 FORMATCI1H.14X946HS1NCLE REDUCTION GFAR- LINEAR EXCITATION (IN.I/ 06640000

14X .3HSTA ,2Xq 9HEREQUENCY,6X,4.9PFAL,6X.RHIMAGINARY) 06650000
.-495-FORMAT(HIN14X,3QI.4PLANFTARY GEAR- LINEAR EXCITATION (IN.)/- .... 06660000

14X.3HSTA,2Xi,9aFPE0Uf.NCY,9X.. 8HSUN GEAR,17A4 9HRINC, GEAR/ 06670000
2?4Xt4HREAL ,6X','ilMAGINARY,5X94HREAL,6X,99IMAGINARY) 06680000

-4700 -FOPMAT(/4X.3HSTA,1X,24HANG. OISP.-PLaNET CENTERIX9 066q0000
I 22HTOT. TORQUE SUN-PLANET92X923HTOT TORQUE PLAN-CARRIFR) 06700000

701 FORM4AT( 4X,3MN4O.,5X,4NREAL,6X,9MIMAGrNARY,5X,4HREAL,6X,9H1MAGINAIRY06710000
15X..4HRýAL,6%X.''IMA~iiNAHY /l~~bkldS UbJi/Jouu -

--.70P-FOPMAT(/ 4Xv3HSTA,2X922HANG. OISP.-PLANET RODY.2X, 06730000
1 ?3HTOT. TORQUE PLANET-RING,2X422PfTOT. TORQUE GRND.-RING) 06740000
FNn 06750000

---- UNCTONMPE~ ----.. ..- 00010000-
C MEM8ERNAME R32AMPF 00070000

Ogg Ak4PF=SGRT(A**,2,8**2) 00040000
------ RETURN----------------* 00041000.

END 00050000
SUR(eUTIN PLOO(LFELOCLMC.LI ,KLtLFqN'9RLITKLTLFT) 00010000

__C-__---...... - -- 00020000
C MEM8ERNAME R3?8LOOP 00030000
C 00040000
..-.-.. OIMFNSION LTI(2),LT2(2),Lr342),LT4(2,tLT9(2),KTI(2)oKT2(2),KT3(2) 00050000

I* KT4(2),KTcl(?) MLIT(2) ,MKLT(2) ,MLFT(?) 0o000000
DIMENSION LFFE(20) *LOC(20) ,LMC(?0) .TC(?) ,OC(2) ,TCT(2) .OCT(2) sTCZ(2)00070000

-I.DCZ(2TTM7(ý'),O'4Z(2),TMI(?),1HCZ(2).OM(2),TRM12),TF(2).OMI(2). OOOPOOOO
2TCTH(2),OCTH(2),TEMP1 (2),TEMP4P(2).oF12) 00090000
COMMON TR~FI22.),TFE(2,?),TPR(?,2) .TPF(2,?).TFSPR(2,2) ,TFSPE42,?), 00100000

-- 1--TPPP(.?,TEPRFPE(2.2),TTPCR(292).TTPCE(?,?),TTGRR(,?9),TTGRE12,2)00110O000

284



*COUPtON A I P(PO) .ST (2,4(~00) *M OO1MO(200) 9RCR0fS),9LBISO) IOUT (200) 001?00000
14KcOoF(29 *?,4()PP2v~q2gt()SS(2).SW(2)PSR(2), 00130000

-L4 ST(2).L W20).LfiS(?O)*,CCO)4(200),AXY(.AAY2,0XYflBXY2,rLR(2001#,-- 0014o0000
'13 TLF(2OflI.THR(2003,THE(20),TRR(200)oTHE(200oTRRI(200) 00150000

COMM4ON 6(7,7) 9 A(7.?ý).LS(20) .RP(20).A('-(20),S6,(20),TRR2(200I, 00160000
- I TQ 1 .0 H:1(0)iL 20 9 E2PO TF 2)9 E(0 00170000
2 PSP(2)T'4l(01 ,TI20TL~2 0.T HR2C?00),TLR2(200)vTHE?(20019 O01A0000
3 Tt-E2(200h#RL(?00hvPCPt2).PRP(2? vollP(50 . 0014i0000

-U44014IMO IT. IK4,L',,NDA(3, ~O2,AN(~oANCgfTQRTQE..JtNS ,MWNRvNPLGOO200000 -
CO'MMON KlK2,K3,I9 1~~L,2,L3,L9,L0(10),lBRAN 00210000
IF~(LI-1)29192 00220000

I 0=0 00240n)00
IF(LMC(KL)) 'S,4*4 00250000

* ~---5 O1-.-.-. . ..- 10-.----- 002610000
LMC(KL)=-LP4C(KL) 00270000
60 TO4 002AO0000

-- IF (LI-4) 9,3,9..O. .-. 02q0000
3 11=2 00300000
4 LYl(I1)=Ll 00310000

-LT?1(1 = L? 00330000
I-T' (I I) =0 00330000

LT4(l* --- 00340000

--- Lc ( I. I. ). =0-- 00350000
KTI(I)=Kl003f,0000

t C' I ) ýK 00370000

--MLIT(IT )=LIT ~ . . ... 00410000
wLT(II)=LT 004?0000

MLFTflI)zLFT 004,10000
--- 4. GO TO (10.?0,30,40,5O.60,70,71)-,L'L . 00440000

TCIIIX) =0 * 00460000.
___ .-- *-.*-00470000

TCT (11) 0 * 0 00480000
OC-T (11)=.O 00490000

OC7(1)-O.O005100000

TMZ (IU =0.0 00520000
0147(I!)=. 0 O00030000
TmJ1(l0~f.0 --D..- -..... 00560000
0141(I!)=0.O 00550000

T~(C7(TI)=0.000560000
-- j..04(I)~0l) ---.--.------~--. .- -. ... ..--- 00570000 -

TrIMt!!)= . 00580000
TF (1I) =0 * 00590000

_____T -... .-.I--).-=0. 00600000

OCTH4(I1) =0.0 00610000
OF)!!) =0.0 00620000
TCC(I )=TOR .-----.-..- ---- -00630000

TC (2)=TQE 00640000
0CCl)= ANGQ 0065~0000

OC (2) NE---00660000-
.4AN(rP0.0 00670000

ANAF=0. 0 00680000
.................... ..................-----.. 00690000
TQF=O.0 00700000
LF=.OC (KL) 00710000

20 TC7(1)=TOR 00710000
TC7 (2) =TO)E 00740000

0C7 (?)=ANGE 00760000-
AfNGP= I 00770000

*G=O 00790000
60 00 0 00
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30 TCTH(1)=TCP 00820000
TCTN C?) aTJE~ 00830000

--- OCTH ( I) ANGR - ----- ___----- 00840000
OCTH C?) zAtGE 00F3,0000
1F(LMAC(KL)) 31935931 00860000

ANGE=0.*0 008po000
T0R=1 .0 OCA90000

GOTO 97 00910000
35 TF(1)=0.C 00920000

-* -. ------ 00930000
F,0 TO 45 009* 0000

40 IF(LMC(KL)) 400955v400 009S0000

TCT (?) TOF 00970000
OCT C )=ANGP 009k'0000
O-CT (?) =ANC.F........ -*--- -..----- 00990000
OFQ(110.6 01000000
OF(2) =0.0 01010000

-4-1--CALL--CSURHOcIHoCZTrh4PIj 010--*---0000i~oo
CALL CMPY(TEI4P1,OF,TEMPI) 01030000
CALL CSUR(OCiOCZTEMP2) 01040000

--- CALL CSUR (TEMP2, TEMPI ,TEMP1A-ý---.-_._ ------- -- --- * ----- oiosoo
CALL CSUA(OCTOCZoTEMP2) 010NO00
CALL CO1V(TENP19TE?4P2.TF) 01070000

-. IF(LI-6) 42944*42 . _____--..---- .--------- oOonoo-
'2 CALL CSU8(TCT.4*TCZ*TFMPI) 01090000

CALL CMPY(TEMP4P1.FvTE,4PI) 01100000
-- CALL- CSU$.(TCTTCZTEMP2)-.--,------..............- 01110000o

CALL CMPY (TFiTEMP2,TEMP2) 01120000
CALL CADD(TEMP1,TEP4P2,TEMPI) 01130000
CALL CADDCTE'4P1,TC79TRCZ) 01140000

-CALL CAD)D(TBCZPTCiTEMP1)- 0115000o
AP.IIPOC (1) 01160000
ANCE=OC (2) 01170000

-- LF=LMC 4KL ) - . -- - .. 0118f0000
TOR=TFMP1 () ) 01190000
TQF=TES211(2) 01260000

-- rCn TO 190,q0-,909,80s98,.-97,90)-LJ.---............-.--- 01210000
44 ANGP=6FQ)) 01220n000

ANAE=0F (2) 01230000
. -. ..--.- *--.01240000

TGF=TF (2) 012rioooo
J=LVC(KL) 01260000

--- L-----C (K--- 01270000
.JI =LF 01280000
J?ýLMC (KLU 01290000

_ _ 1 1 - _ ,-- 11 .- ._.---.- . . ..- .- - -- _ 01300000
GO TO 99 01310000

45 CALL CSUR(0CT4,0C2,TEMP1) 01320000
------------------------ -----.--t4P2 01330000

CALL CC)TV(TEMP29TEMP14OF) 01340n00
&NlrR=OF (1) 0135n000

S---*- - ---- 013#'0000
TQ9:TFUC) 0137O000
TQF:=TF (?) 013R0000
6- 0 TO 97 ..-- . ____ ---.-. --- 01390000-

ýi0 Tm? (I )=TQA 01400000
Tm7 (2) =ToF 01410000

--..... (-I.).----- 01420000
0M2 (2) ANGF 01430000
OF (1)=1.0 01440000

-- OF ?)= .O ----- - ---.- -. 01450000-
00 TO 41 01460000

55 CALL CSUbH(TCTH#TCZgTEMPIl 01470000
-CALL C..** (TEMPI----- 01480000

CALL CADDCTEMP1,TC7,TAM) 014O0000
CALL CADtI(TC9T8M#TEMP2) 01500000
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01520000
CO TO I'l015.ý;0000

TM~tzTOF01550000

O'41 (l~IP~F 015WVO60000
*M (--**- ____----*-- -..--!---------- 01570000

TEMPI41 ) =:Cml Q 01590000
--- CALL C )O(TEMPI ,OI42,T41)------.-- v --.-- 01600000

CALL CrlTVCOj'Z,TEMF1,0F) 01610000
6'0 TO o 01620000

TEMPI (?,-TOE 01640000
CALL CAFD~iTEMPI#TCTEMPI) 016S0000

---.- 70P=TEMPl 41)--------------.---- . - ------.- 01660000
TQF=TrmP4(2.I 01671,000
430 TO 85 01680000

-- *-*---.-. -- **-01690000

IF(KL-NBR) 72PT'2v73 .01700000

72 LFI.FE(IKL) 01710000
____________ 01720000

Go IrJ 74 01730000
73 L7-sNS*2 01740000

LI=O 01750000
--74--IF(I0) 75,99275 ~ . . . - - 01760000

75 J3=KL-1 01770000
IF(LMC(J3)) 77976977 01780000

-76-JP=LOC(J3) .--. 0IF90000
60 TO 78 01800000

77 JP=LMC(J3) 01810000
--78--J1=LFF(J3) ------------- - - - - .01820000

LmC(J3)=-LMC (J3) 01830000
n0 ?9 10=Jl9J2 0800

-79-tWQTTVF(NW.100)--10,-7f4R(10),THE(10),TLR(10).TLE(10).TRRCT0),TRE(I0) 01850000
6'0 TO 91 01860000

80 J1=LFE(KL) 01870000
__________-___ - ------.---.- - - ------- 1800

60 TO 990 01890000
A5 LF=LMC(KL) 01900000

90 LI=Ll.1 019Z!0000
IF(IO) 91029291 01930000

-1 -WQTTE(NW,100)--- ---- .- 01940000
WRITE(NW,101) CTC(II),O0C(I1) .TCT(1I).OCT(II) .TCZ(I!) .OCZ(11 , 01950000

11 I~ .21 1960000
S--- - *- -- )1970000

wk.!'E(NW,101) (TMZ(11),ONZ(II),TMl(IIl ,0M1(II),TRC7(1I),0P4CII), 01950000
111.--I4 2) 01990000

_____________ .. .. -- - ------ 02000000

WRTTF(N~,10l) (TM131(I),TF(11),TCTH([I).OCTH(I!1.OF(II),Ilul.21 02010000
92 RETUPN 02020000

=!- E 4K L02030000-
JP=LOC (KL) 02040000
J1zJ 02050000

____________________________-- -02060000
!Il~ 02070000
60 TO 99 02060000

98 dzLMCK~l02090000-
.JcLOC (KL I 02100000

* .* Jl=J 02110000
-- ---- 021?0000-

I11=2 02130000
99 LI=LTI(IT) 0214D000

-L L2 =L T 2( I I ).-- *-----*--- -- 01500
L3zLT3 (11) 02160000
L4=LT4 (II) 02170000

--- 9=LT9 (II) D.--- 021030000-

IQ=KT2 CIII 02200000
-4(3=K~r3_____- 02210000.-
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U<-KT(1 02220n--.- -- -- i
-90 Fr;)90,'2 K. T9. 09030000

-- 9--2 WT PAL I T I 1 0220O000
KWYTE HNW -ron1 022910000

----.FlO 991 TIOJ)~J -.-.- -02300000.

991 WRITF(Nwi,10e6 02310000

eGO TO 90 023200(20
--1 ~ OPM T(I7 1~,6 12.5 -**- .. -- 02330000I

126 FORMAT(/ 4X,3H1STA,4X.19HANGUL4A.R OISP.(RAD).) 95~s 8HrORQUE-192Xq 0234000A1 8HIN-LPIS)*6X9 8H-TOAQUE.2*2XBH~IN-LHS)l 023500J)0701 FOPMAT ( 4X.3HNSO. .5X,4H1REALI6XQHIHAGTNARY,5X.4HREALo6X.9h1MAG1NARY0?E,0000- JX.4HRFALi6X,9Hlb4AcINAPY /1791.Xiffl2.1ý) 021370000
100 FOPPAT C/14X.3HT-C.QX.IH-C47X%'.;XT-( C9Tq3K,9HTHETi.-CvTs4Xv 0?31-0000
* 1 Sf-C.0.3X9H-HET-C*0- 023,40000

----101 F0RMATi5XiEI2.S, - .. OP4ACOOO
102 FOPMAT(/12X,5HT-Mg,n3X,9HTHETA-M,0II,95IT-N,1,3X,9Hy(1FTA-.,l,91 02410000

19X ,3HTRC ,6;X 7HTHETA-M) 0k42:000
-- 0-~~A(1X3T~99H-vX9TCTE~lvlTEACT~ 02-430000

1SX,7HTMETA-F) 024&,0000
F Nr) 0 i' 450A0 00

---------SU14POUTINE AF ~ S--.---- -- - -- 0-0-- 0000rl
C MuREP*JAHF R32CAD0 0)o?b0)oA

- 6-fMENfSYj0N A. (2B R2) ,C(2) 00030000
--- C (?I A ( IR'1 00040000

RETrURN 0 00 0 .000

SU~ROUTINE Cfl,!V(At~,C) 00010000
C 0 0( 0

C 00040000,
OIMENSION A(2)*8(2)oC(2) 0005000.)

S TP(ýM1) 7,6,7 000,10000
6 wo1rr(hs101) 0~008000

--- 6O TO 14.- ----------- 0.--------- OOQOOC
7 C1-=Atl-/9(n 00100000
C=A (2)/P2(1) 00110000

---- O TO 15. ---.- --------- - 00120000
10 1F(R(l)f 12911#12 00130000

11 C7=A(2'/P(2) 00140000
-- P.-A(1/R()------.--- -*----...----.--------------------.00150000 -

12 Cr-8(2)/R(j) 00170000
- -- C~u(1).((?oC5~. ~----------.---00180000-

C7 (IA (1 +CS (2) /C6 00190000j
CA =(A (2)...A(1)*CS)/C6 00200000

..--.--.O TO --------------~. - - 00210000 -

14 WRITF(6il100 (AUI)sl(l) *1~12)*C7,C8 00ze0ooo
15 G~l) =C7 00230000

as RTURN 002S0000
100 FORMAT (5XI5HOIAGNOSTIC-CDIV,'6E13.5) 002A0000

---,--AI,---.PoPAT(5X,P/24HCO(4PLEX. IVS0.B.Zp)---~ 00270000
E NO 002110000
!;UAPOUTINE CDiV? (Af39CtK9M4 00010000

C ~ 00030000

c 00040000
.~-.-I71E(N1ON (2,) .3(2~~ ~00050000

TKM=hA(2dK) 00060000
T~(2) =R(2, K) 00070000

5 WRTE~(6. 100) TKU .qTK(21 ,C(1) ,C(2) 00090000I
10 CALL. CO1V(T~t('CTK) 00100000

P K?--------- 00110000
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H(P*K)=TK(2) 00120000

1F•'i-51 20,15,20 00130000
00130000 -_ 7-- F.-wPT-TF ( 69101 )--TK(I • Z .. . . .. ..... . .. . ... . . .. . .. 00140000

Z•0 RETURN 00150000
100 FORMAT4(/14.,3(IPFR,9X,3HPFE7ktSHBRATRg7TPSH8RATE/5X,4El2.5) 00160000
101 FORMAT(/IX,7HRATIO-PR5X,7HRATIO-E/5X,2E12,5) 00170n00

_SUqRoUT N __ClAPY LA ...- C 1 013010000Sc UC00020000

-C- - EMBE RNAME .•?C'4PY - ... ...... .. .............. 000300C0
00040000

* OIrENSION A(2),R(2).C(2) 00050000
) -__. . . .. . . - 000110000 -

C?=A(I)*8(2)#A(2)*R0) 00070000
C(5,)=CI 00080000
C (2) =C? . . . .. .. .. . . .. .. .. ... ..... . 0009 0000

- RFTURN 00100000
ENn 00110000

; -.--- SURROUTINF C;URL(4,__•qt- 0001000--

C _M~k___~ 000__0__00

DIMENSION A(2) ,(2),C(2) 00030000

CC?) A (•)-R 2) 00050000

RETURN 0000000
EN ý .. . .. . . . .. . .. . . . . . .. . . . . . . . . 000 7000 0 -

SUPP(,UTINF MATIN.(AjNj,__RN 1k.OXER.I0 00010o00
C 00020000

-- C --- &4M• i RNAME_.a. ?.t_h. .. ... ... . ...... . • .. 00030000 -

C 00040n00
DI'ENSIGN A(7(,/98(7,2),fIJOEX(?q3) 00050000

C GENERAL FORM OF OTMENSION STATEMENT 00070000
r 000000f,
- E ( UIVALENCE--(IROW)JROW),--(ICOLU-,%JCOLU-),--(AMAX, T, SWAP)- ......... 000Q0000j

C 00100000
C INITIALIZATION 00110000

00120000 -

M=¶1 00130000
N=NI 00140000
n .... • o T7 - , .. . ... . . .. .. . . . . . 00150000

15 o0 20 J=1,N 00160000
?0 INPEX(J,3) 0 00170000

- 34--00-550 --I-IvN -- 010O000 -
C 001 O0000
C SEARCH FOR PIVOT ELEMENT 00200000

-- • ........ . ....... 002 10000

40 AMAX=0.0 0022(000
45 00 105 1.=1N 00230000

00240000--
60 no 100 K=1.N 00250000

IF(INDEX(K,3)-I) 804 100, 715 00260000
- 0 1F ( -.-- AMAY -A SS 4A-(JKf. 8.-85v- 1.00v 100 .... 00270000
MS IPOW=J 00280000
Q0 ICOL.J =K 00290000

AMAX=ABS I A(JoK }.. ..... . 00300000--

100 CONTITNUE 00310000
169, CONTINUE 00320000

S__._....INr)EX(ICO.U ,3) -- INOEX-(ICOLU -,3) -1 00330000 -
?60 INOEX(I,1)=IROW 00340000
P70 INDEXlI,2)=ICOLU 00350000

-.--C -. . ...- -.......... ... .. .. . ... . . .... ...- ... ....... .. . *_ _ _ _ _ -- 00360000 -
C INTEPCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL 00370000
C 00380000

-)30,.IF (JROW-TCOLU- )-140v-310,--140 -----------------...... .... 00390000
240 DETER n-DETER 00400000
150 DO 200 0.19N Go01nn0n
160 SwAPtA(IROW,L) 00420000

-.---170 A (IROWL)7A(ICOLU *L)-) . .. . .. .. ..... ... ... . . 00430000

200 A ICOLU .L)=SWAP 00440000
IF(M) 310. 3109 210 00450000

210 no 2 o L•l M ..... t00 004 O00
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2?0 SwAP=R(IROWqL) 00470000
230 8(IROWvL)=P(ICOLU *L) 004p0000

- P•0--8(ICOLU 9L)=SWAP -. .... ....------- - -. ---- 00490000 -

C 00500000
C DIVIDE PIVOT ROW 8Y PIVOT ELEMENT 00510000

--- C _ . . . ... ____ - . ._ 005200 00 --

310 PIVOT WA(ICOLU sICOLU 00530000
DETER =DETER *PIVOT oo05oo00

- 330-A(ICOLU *ICOLU-)zl.O - 00550000
340 00 350 L=1.N 00560000
3cO A(ICOLU .L)=A(ICOLU 9L)/PIVOT 00570000

-- 355--IF(M) 380. 380, 360 00580000 -
360 O0 370 L=I.M4 00590000
370 R(ICOLU 9L)=B(ICOLU 9L)/PIVOT 00600000

----.. .....-............. 00610000--
C REDUCE NON-PIVOT ROWS 00620000
C 00610000

- 3A0--nO-550 Ll=1.N-- 00640000--
390 IF(L1-ICOLU ) 400, 5509 400 00650000
400 T=A(LI1ICOLU ) 00660000

"--420-A(Lt1lCOLU-)=O.0 -. 00670000-
IF(T)430.5509430 00680000

.430 nO 450 L=l.N 00690000
-00700000--

455 TF(M) 550. 550, 460 00710000
460 O0 500 L=1,M 00720000

• ---- 600- A (LI *L) =BiLIF -B-"COLU--.-L-•T 00730000-
550 CONTINUE 00740000

C 00750000
----.-- INTEPCHANGE--COLUMNS 00760000 -

C 00770000
600 00 710 I=1N 00780000

-- $IO-L=N*I-I - - - -- 0 079 0 000 -

AO0 IF (IN0EX(I.,I)-INOEX(L,2)) 630, 710, 630 00800000
630 JOOW=INDEx(L,1) 00810000

- 40 -JCOLU sINOEA(L,92) 00820000--
650 00 705 K=IN 0OR30000
660 SWAP=A(KJPQW) 00840000--- 670- A(K.JPOW)=A (KiJCOLU ) 00890000 -!

700 A(KJCOLU )=SWAP 00860000
705 CONTINUE 00870000S.. .7 0 CONTINUE ... 00880000 .

00 730 K = 19N 00890000
IF(INflEX(K,3) -1) 715,7207i5• 00900000

-- 72O--CONTINUE 00910000-
730 CONTINUE 00920000

ID=1 00930000
-'-- P-E TURN 0 9 0 0 -

715 ID =2 009SO0000
WRITE(6,760) 00960000

- -FOPMAT--(SX*ISHMATR 00970000
G0 TO 740 00980000
F n 00990000

-- FUNCT.ION .PhNGF(±•J-- .................- 00010000--

C 00020000
J.,t MEMBERNANE R32PANGF aftninnn

06 C 00040000
. ) O00050000--

30 IF (H) 31,60,31 00060000
31 THFT = ATAN(B/A)*57.29577951 00070000

S..PANGF-- THET -O0080000--

IF (A) 32,30235 00090000
3? PANGF = THFT * 180.0 00100000

_ 33- PFTURN---- -. --- 00110000--
35 IF (8) 36,33933 00120000
36 PANGF THFT * 360.0 00130000

-. .... 0 TO 33 .. 00140000

50 IF (R) 31.52,53 00150000
51 PANGF 270.0 00160000

_ •0. TO--33 - 00170000--
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'52 PANGF 0.0 001A0000
CO TO 33 00190000

55-ANF= 90.0-----*- - - -------- 00200000
6C TO 33 00210000

AO IF (A) 61.52992 00220000
-A-P A NGF -0 -190.0-*----- ----- 00230000-

60 T0 33 00240000
FiNr) 00250000

S!UckOUT1NF PLNST ----- - 00010000

*... EMBERNAME R32PLNST 00030000
c -- -- - . -- .- 00040000

COMMN TR(22)-qE(,?)TPR2.2.TPF292*TFPR(92)7FSE(22)i00050000
1 7FPRR(2.2),TFPRE(p,2).TTPCR(2.2).TTPCE(2,2),TTcPR(?,?),TTGRE(292)00060000

- .COMMON RPI2O)0).05T(200),0MS(200901N(200),BCB(50,,L0(';0),0DT(200)000700000-.--
I.RIK(50).LEC(2) ,PS(2),RWC2) .PIP(2 ,PMS,(2,PN(2 ,SS(2) .SW(2) ,SR(2), 000A0000
2 ST(2),LBR(20).LRS(20),CCOM(200),AXY1,AXY2,BXY1,FlXY?,TLP(200), 00090000
3 -TLF(2 00),TNR(200)-.TMF.(200).TRP(200).TPE(200),TRRI(2001 *---.-00100000-

COMMON A(7.7) .R(792),LS(20)tRP(20),Rtn(20) .SG(20).TRP2(?00), 00110000
I TRF1(200.-THEI(200).TLEI(200)qTRE2(?00),TTFR(2O),TTFF,(20), 00120000

--- 2c--P(2),TI-P1(?00).TLR1L200),THR2(200),TLR2(200).THE2(200),- - 00130000-
3 TLE2(200)*QL(200)*PCP(2)%PRP(2) goAp (50) 00140000

COMMON IT* K4.L4,MOIAGFRQ2,ANGRANGF.TQRTQE ,JsNS .N1 .NWNRvNPLGOO1SOOOO

Cl=RS (14) .PW (14) 00170000
C2=C1 .WW (K4 00180000A

- FLN=PN K4)-001900DO
A (1.1) =RM(1(4) 00200000
A(192)=0. 00210000

A(194)=D. 00230000
4(1.1=0.00240000

A(197)=0. 00260000
A(791)=1.0 00270000

____2.2)________ a-1-4)--- 002RO000 -

A(?.3) =0. 00290000
A(?94) =-FR02*PMS (14) *C1 00300000

- A__ --2.5).-- 00310000
A (?.6) =0 00320000
A(?o7)=0. 00330000

-A #3I-) =0.--*--- - --- ____ 00340000
A(3.21=CI 00350000
A (3,3) =0. 00360000

A________ 4.---- -- -------- 00370000
A (3*5)=E.1 . 003(40000,-
-A (3, A)80*
A (397)=-FRQ20PCP (14) 00400000

ýA(4,1)=C2 00410000 -

A (4921 =0. 004200004
A(493)=0. 00430000

-- A( 4,4 ) ;0 .- - -------- 00440000 -

AC495)0O. 00450000
A (4.6)=FR02*PRP(K4)*ST(1(4)-1.0 00460000

MIN -- 4(4971.. -------- 00470000
A(5.1l)zO. 004-50000
A(5,,2)=Sw(1(4) 00490000

(4; 31 o o00500000-
A(594)-Cl 00510000
A (r595)=. 00520000

A~r,,)-o-- 00530000-
A (ci7)=-(FLNL)*Cl 00540000
A(691)=0. 00550000

(Av 2) ---0.-- ----- 00560000
A (f63)=-RW (14) 00570000
A(694)=-CX 005__ ___0000OAOO

-A466 CO.*-------- 00590000

291



A (6.) =0.00600000
A (f~7)0.00610000

--A(71)=SPK4) 06~?0000
A (7.2) =0. 00630000
A(743)= RW(K4) 00640000

A (7.ý) =0. 00660000
- -. A (7,6S) FLNL*C2*ST (K4) 00670000

C3 =PSPCK4)*FR02 00690000
FSP=(TLR(J)-C3*THR(Jfl,/PS(K4) 0700

- FrS I= (TLE ( J) -C 3 0THE 441)-/ RS 4K 4) 4--------lx-------- 00710000 -

Rtlq.1)=RW(K4)*FSR 00720000
A (1.?)=RN(9(4) 4F51 00730000

-A_- --- P- 9--1-)-v--F------- 00740000
Al?.2) =-FSI 00750000
A U30*1 =0. 00760000

Ft (3 9 0 .00770000-
,P(4.11=A0. 0071)0000
R(4.2)=O. 00T7fl000

--00800000-
~ (~.) =0.00810000

I (NI-i) 440t4409441 00820000
-441--F (4-IT4-44Ot44,44--------.----.-~ ---- 00830000 -~

440 FF1=C. 008340000
FEP=D. 0081;0000

-F~O -- -00860000
EE4=0. 00870000
GO TO 442 00880000

-44-3--fiEI XIFN--- - - - -- 00890000-
FEP=RXYI OFLNL 00900000
FF.3AXY2*FL.NL 00910000

---- FE4- =PXY;?DFLNL --------- **--- - -- _-______-00920000

442 A(A.1)=-RS (K4.)'FLNLqrTHR(.J)'EEI-SS(K4)'F$;R 00930000
A(6?)=-AS (K§-1.*FLNLOTHE(J) .EE2-SS(K4)*FSI 00940000

Q(792) =EE4 00960000
CALL MATIN (A9798,?,CF9*ID0) 00970000

-- TGI;B(Srk)-00990000-
EERB (6.1) 00990000
ANGRuB (7.1), 010800000
TQE=P (5,?) 01010000
~EEI=R (6.;))------ ____ . -- - --------- 01020000
AN(E8 R(7.?) 01030000
TFPRA(M9K41, )=R(1,1)/FLNL 01040000
-TFPPF (Ml .K4) =P ( Iv2) /FLNL---- --- .01050000

TTPCR(M1.K4)ZC)*8(2,1) 01060000
TTPCF(MlK4)=C1*8(29,?) 01070000

*C-Ti-PC0ý-TOTAL TORQUE9 'PLANET-CA*RR TERr-REAl. D -------- __ --- 000000
C TTPCF= TOTAL TOROQUE. PLANET-CARRIER, IMAGINARY 01090000

TPQ(MI .K4) = (3, I) /Fl-NL 01100000
TPF(MltK4)=N(392) /FI-NL--- --- ---.---- 01110000
TRiP(M1,X4)=A(4*1) /FLNL 01120000
TRF(Ml.Ka4 )=R(4.2) /FLNL 01130000

- T7GRP(M1,I(4)=EER- - - -- 01140000
TTriRE (M9K1n4) =EEI 011r,0000
TFSPP(MI1.K4) :ESP/FLNL 01160000

- TFSPV (Ml41 =FSI-/fLNL ---- ------------------ 01170000
C3=PS (94) *FSR 01180000
C4=PS (94) 'FSI 011iq000o

- Gt4=C?'R(1*1 ) ----------- ____-01200000

C6=C?*A CI*2) 01210000
C TEST OIJACNOSTIC 01220000

-- Ip(mnlIAG)- 600.608t.608 ------------------ 01230000
600 IO(x4-1) 6214620t621 01240000
620 WPT7E(NWs703) 012S0000

62 OTFN*0)- . --.---- 01260000
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WPTTF(NW.7nl)L4.TBR(M1,IK4)oTBE(N1,,K4),C3,C4,TTPCP(M1,9(4), 01270000
1 TTPC-EIM~qK4) 02OD

- WR I TF(NW .702) 0129000
WRITF(NW.71)1)L4qTPR(MlK4).TPE(MliK4) ,C5,C6,TTGRR(MlK4), 01300000
1 TTCRF(141,K4) 01310000

60$--4=4+--01320000---
IF(K4-NrLG) 3.3293329333 01330000

332 L4=LFCCK4) 01340000
-*---RVTPN --- ~ --- *----- --- ---- --- ------ 01350000 -

333 L4=NS+P 01360000
RFTURN 01370000

---- 0-OMT/X3SA*X2HN,-IP-LE CENTF:R,1Xq ------ 013AO00---
1 ?PHTOT. TOPOUF SUN-PIANFTZX.23HTOT TORQUE PLAN-CARRIER) 01390000

701 FOQMAT ( 4X,38N0.,5X.AHQEAL.*6X.9HIMAGINARY,5X,4HREAL,6M,9HIMAGINARY01400000
1;Xý.4HPFALqf,AxHqMT'AGINARY /17vIXq6EI2.i) _0-1410000 -

702 FORMAT(/ 4X,3HSTA,?X.22HANr,. DISP.-PLANET BODY92X. 014ZO000
1 23HTOT. TORQUE PLANET-RING*.2X922HTOT. TORQUE GRND.-RING) 01430000

-70-*-FORMAT4/1r)Xo -- ---------- 66HALL- TORQUFS GIVEN IN INCH-LB* AND .AMGUL01440000
1AR nISPLACFMENTS IN RADIANS) 01450000

705 FORMAT( 12X,4HREAL,6X,9HINAGINARY,5XAHREAL,6X.9HIMAGINARY,5X, 01460000
--- 14HQF.AL-6X-v9HIMAGINARY)----------------- - --- 01470000.

ENfn 01480000
***FROR*** UN-1

PROGRAMME WAS EXECUTING LINE 3 IN ROUTINE M/PROG WHEN TERMINATION OCCURRED

-CO#4PIA-Lf-IME-----0*22-SEC-,*EXE-CI.TION-TIMER--------11I.55 SEC.O9BJECT C00E~-

-i-i r2--BYTES, ARRAY- -P AREA.--- ---- 0-8YTES*UN4JSED.---4-40&-8Y-TfS---
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APPENDIX E,

LISTING OF COMPLEX STRUCTURAL DYNAMIC ANALYSIS
COMPUTER PROGRAM USING STIFFNESS METHDDS
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APPENDIX F

LISTING OF COMPUTER PROGRAM FOR USE WITH NASTRAN,
LEVEL 16, TO TAKE PUNCHED STRAIN ENERGY OUTPUT

FROM RIGID FORM4AT 1 TO SORT AND ANALYZE
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APPENDIX G

LISTING OF COMPUTER PROGRAM FOR USE WITH NASTRAN,
LEVEL 16, TO REFORMAT RIGID) FORMAT 3

PIJNCHED EIGENVECTOR OUTPUT, FOP
EXECUTION WITH RIGID FORMAT 1 AS SPC CARDS

STRAIN ENERGY CALCULATIONS

IJIMFINSICN CARD(I8),COM(6)
DIMENSION FILLER () C12)
DIMENSION CONT(2)
D)IMENSION SPC(2) ,ELIM(2)
DATA SPCS9SPCD*ASTERvBLANK /4HSPCA,4IISPCD,4H* 94H
DATA BADJ /4HBAD /
DATA TESTI /4HSIUBC/
DATA TEST2 /#?-TITL/
IRK =0
SPc~d) = SFCS
SPC(2) =PLANK
KOLINT =a
REVINID .9

5 READ(5,109END=100) CAR0,INTX
10 FORMAT(I8A't,18)

KOUNT =KOUNT + 1.
1.2 IF (INTX.NE.KOUNT) GO TO 60

IF (CARD(1)*NE.TEST1) GO TO 5
REAO0,015) FILLER ,1D

15 FORMAT(4A4,18)
READ(5#10) CARD9INTX
MOUNT = OUNT + 1

17 READ(5,109END=100) CARDINTX

KOUNT = OUNT + I
IF (INTX.NE.KCUNT) GO TO 70I

19 READ(092a) IGRID,'GoCOMql),COM(2) ,COM(3) ,INTX
20 FOR?4AT(II0,2A4,5)(,1PE1l3e6,59lPF13.6,5X,1PE13.6, 18)
33 REAO0910tEN0=1001 CARDINTX

KOUNT = KOUNT + I.
IF (INTX.NE.KOtJNT) GO TO 27

READ(O.,25) CONTCOM(4.)qCOM(5) .CDM(6)vINTXI
25 FORMAT(2A4 ,15X ,1PE13 .6,5X,1PE13.6,5X,1PEl3.6, 18)
37 DO 40 1=3,6

IF (COM(D).NE-0*o) WRITE (6,30) SPCIDIGRIDI COM(I)
IF (COMPI().NE9090) WRITE(7,21) SPC'1DIGRTDICOM(I)
IF (COM(I).NE*0a0oAND.IRK.EQ~o) WI TE(8,21) SPCIDIGRIIJI4COM(I)

30 FORMATOlX,2^A4,14,i2X 9I4,12X, 11,15) 1PE13,6)
21 FORMAT(2A4,Iq,12XIq ,12XI1,15X,1I 13.6)
40 CONT INUE

READ L5*109END=100) CARDINTX
K00?ý7 = OUNT +I
IF (IfNTX*NE*KOUNT) C7O TO 70
IF (CARIJ(1)*EQ9TEST2.ANDeIRK*EG*0) GU. 1O050
IF (CAR0(l)oEG.TEST2) GO TO 5
GO TO 19
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60 WRITE(6980) CARDI1'TX
80 FOPMAT(IDX,'WI4S CARD OUT OF SEQUENCE 0918A4918)

VOUINT =KOUNT + 1
GO TO ~

70 WRITE(t-,RO) CARD,1N'TX
DO R3 1=1,6
CO?'(I) = AD
WRITE(6,32) SFC-1flIGfID919COM(I)
WRITEC 7,6b SF'CiIDIGRIvIsIC0MCI)

83 CONTINUF
KOUNT = KOUNI + 1
GO TO 17

27 REAE(O,2O) IGF09 GiCOM1,COM?,CQM39INTX
WRITE((.980) CAR0IJNTY -

COMM4 = PAD
COM(5) =BAD
COM(6) = AD
DO 72 1=1,3
IF (COM(T) .NE.O.O) WRITE(6,30) SPCIDi,I(RlDvIPCOM(I)

72 CONTINUF
00 8? 1=496
WRITE (6932) SFCvIDvIGRIP9IiCOM(I)

32 FORMATUIX,2A4,14,12XI'4,12XI1,15XA4)
WRITE (7,65) SPC, ID, IGRI0,IqCOl( I)

E5 FORMAT('2A4,14,12X,14,12XI1,1SX, 1PEl3.6)
82 CONTINUE

IGRID =IGRD
C00(1 = CO~1

COM(') =COM2
COM(3) =COM3

* KOUNT = KOUNT + 1
* GO TO 33

50 SPC(1) =SPCD
SPC(2) =ASTER
END FILE 8
REWIND A
IRK =

55 RFAV (89211END=5) CUMgIDIGRIDICOMA
WRITE(6930) SPC, IDIGRID.ICOMA
WRI7E(7v23) SPCIDIGRID~,IvCOMA
GO TO 55

100 CALL EXIT
* END
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APPENDIX H

LISTING OF PROGRAM TO IDENTIFY ARLEAS OF
HIGH STRAIN ENERGY DENSITY FOR

SHAFTING (S-68)

SUPR0tJIINL AXIAL00100
COMP0W' f('L0CKS/ ITEMP~bR) DOo60o00

~~ 00070.000-.
COPPI'0tIPILOCK(2/ NX(2?US1lýUSS(2492,tS11 FF~K(2Aq24l 000(8go0 00

1itt )2)t,4424t329ýt4c42)cS294o!4114 v 00090000

tIl 1 r N S I N I tj~tX(Ai4) 00110000
L f)1)1 V fL ( NCE I T FMP (11)411 tMP I J 00120000
±!0nrJ.UL;IJIJMlllVL2.L__---a 015000 0-
1.1F)Fl(Z z:1Y(Wr(3) 0016~0000
AA~ARft~TF~P I 00110000

F__._TT FŽ1Plf____________ flniufnfjn

yl =TtmP((l . 00190000
III =IfMP(7) 00200000

X2 =IfpE'pf) 00220000
Y2 I fT r 10.) .00230000

CA LL UNPA R2 (I T I'P(12), vtIX(1) 00260000
CALL Li0PAt(2'(11ClPC13.)* NW()l 00270000

___3rXI~~L~j1P~jL .... 02800000

(Pjr)Ft 21= T'0 I Y IP (15) 002900CO
IeO e ±l12 00510 (110

n1 ,I S1 0 . - 03m
fJI FF rS I Ip1) =0. 00340000

SGK iCTL!V23a 241 I 2 4 L" IJ3 0.-

flt t'KA XAR A ýF~F ALF NTH t003600f00

VDL~lfr ALF1I1iM * AXARCA ' 0039n000

()CYYx:Y2-YI 0/ALtIKTH

R=[ttrM'K*tCXX*Ei'YX 00470000

C:;LLf'4YX.D'CXY*)C 004RO000

CE= LLE M K 4 V 7:Y0X A0 000

__' -1 fllfiDG~tf.Ob0

SYT-rSF(1*10) =(,LEMK A CXX / AXAPEA) CONST 00610000
=SI.1 (tLEMK * IDLYX / AXARrA) CONST 0600

n1RCaS&U~t1L2) = (('Irfl..L..nC71 AXAAF*) CO~NS ( J. 3lL&0J a
114'(,~ =-STRI.SS( 14101 00640000

I A US S.(i ,::-STfit SS 4 1~ 11____ .0n0bnrAJJL

SiIV FFoe f 1 4 A 0067?f)000
.S' : TFK( 9)= 0 168 (10 00

!;TIFF~i'iI,0)-A 00700000
SIV5 A.1 ~I 00710000

F.TIi I' (5v4)= 907230000
SN IF ~ zI00r46000o

!'Ir I F P', . 1 =-h f 0,16 0 n000)
'911 A ~I IT-11(70 11
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Mf- fin JNMJ_ AV I A q A M

;y IrF KI 0ý ) =1 00810000

ISI FV X~12 ) -F 0084000S1

I F F r,(! 09 S ) 008600fl0

tT IF FK 1 0 9 f;-C 008600C0

* S71FFKIIO,12)=C 009U00C06

nT I F FK EI I~, I s0 0930000

ýv7IFFKh11o11)zfl 0095VOOD
s~rr(11 9 ~):r01960000

ST1fFK(12,5)n-F 00!re[J00
S'1FFK(12q6o=-F 090D

------- UITUAZ.4,f 1- 1- C_ _ _ _ _ _ _ _ _ _4 A O 0
S1 I r-K((12.11 3:F 01010003
ST1FFK(12v,12)=F 01020000

RETURN 0 2106~000C
END cloloopo

5'Ufllr2)T I pr t All 0 00 o L f, X; 0

COtIt-IOtd.PLOCLt2/`-.------- JtX(2AJ * 37KFLZoS(ZA..Z-4.)-s I IPF-Ktki ,.K4) $.-. .-10 ,71MOD

2, I'. 24 *24) ~sfflU(A)OnO'100IJO

IF1.J~i,~Jrn~nqA~cRCAooiiocr60

f. W$ VAL CNrr (1 Plt I ITL MPEII 0) 111" it90 0
',ATA IrIAIp( 1114/ 0(il50o00

-- .LQ0LLLLUIILZ7...I ý H I I f 11.0 no

MC 1lif,.LI UPIR. 0 02210000G
A YTi r. z7 1 f*P ) n230000

1,1 7 t.4~" J, 1) U0250000

IJ L I ý ý UI' I1?) 00200000O

I Y i cYI I U fil 2 00520000

xL.....L21). -1s - -0 . o

?f..' Yri=ý7 P IIS 00500000

YF." I: I~' I r 00300000

01 ar=Tfp-f1 iH)00340000

C'=T I trI I27) 011350f000

71* IP(2 00360000

372



CALL UPJPAI(2(lTEi'P(3S)9 NX(M) 00500000
lNrI( Xl1)=7Tf mP ( ?ý) 0091(,000

.. 1*IlYL2 ) =1iiMP-iL.N5) __________ __________________

1Ž0 '0 .ly20054vofl0

rio ~~~0- L:: 0fl5 vi) 0 0

* 00570000
A M P )A T I ij J . 00i 0

IF ('cnlI)F.EQ.1Fi(ANK) GO TO 70 00610000
65 Y3XA 00620000

-0.D6-3D0 0 Ui

70 -A 00650000

A=Y2'?3*Y1.?24,',1.!3-(Y24Z1 4Y3-Z1'.Y1 .Z3) tj00730 00 0
P =X I * 73 +Z.1 )f3 + 71 *'^- ( X 3 *Z I+ XI* 2 +X2 &7 -1 D001'000C
C=IY4l*3 -Y-l3Y+IG3X*l 00750000
b1G =- 0 T (A _______ ______ ___Z±C_____-DQ7I f10 0 a-
6 Pl, V V I1 I 1) ( ~- Y I )/ ALF N TH 00790000

AVri PA 1 2 ~Y 2-Y I) / A L EN H 00900000
it5ILL 1) L2 - 1 1 A F N NT H nV Eaio UA.A

AM'4A ( ~ 1 :A/r.,00820000
A tA ,r. A (3 11 g/ G G 00830000
t MlflrA-t 3, 0 1. C-- - - 0-0 aq0a0 00
AMI'ri(2,1)=AF~flfin(392).AMBfAlA(13)-AMP0)A( ,2).AMOrJA(3.3) ooasflooo
A 14 W1A C -2):Af.rD A 43 13?6 A M 8 DA 419 1 )- A 80 A( 1 3) A M e1)A (3 91 ) 00860000)

-1 AMADAIA-IIAH AM )A I I AMBnA1. lRIJ aa-(oL.
DO 15 .IY=4,10030~00
LID 15 .1=1s3 00900000
- KPI____________- nnf910fl00.

CO I`) 1=193 00920000
IKrL I=0K. 1-1 0 0 3 0 D000

00 16 .J=1412 00960000o
r-O 16 I1=112 00970000

16 A M E11A I.tU&a.AJial&lntd a 7 I n"Jl9 DI1 UIL
VnLI)Mr =ALtUJTF * AZZ 00990000
CALL rA7rAIJ2(STorPKArDAS1TESs.*12, 12, I) 01010000
C~~A' ?iI~ I nN~th Tn ~t~~ ~.i n2ao LtD
IEMPI t ) tS0Rl(ALENTH/(2&f4648,J)) cOlluouoo
TEMP(2) SQRFT( AIrNTH/(66AEFARIYYO) 01120000

Trj f-% t~f~P.TfA FNl/t#&,#r&A012 nI I 1nAo0 nL
7 E!ýP ( 4 I . ./AYARIFA 01 140000

7EP,) sorT(ALfflTH/(4.*G'A2Zi) ol15OUDO
.1K I 01170000
01 JK 01180000

DO P~7 J0:1,12 01200000
1F7Ff'P(JL),oF0.0.) GO TO 67 01210000

87 CONTTPUI 01230000

-1 1 1 D20-000

lirJL.Lr.(.0 GO 10 MIL, 01260000
00O 20 jr1ol? 01280000

St~%S(6,) :S0U~'.J ~013100000

20 STPf!SS(0,JJ:STRF2SS(1ZJ) 01330000

LNO 01360000
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t1IF I EvFIX5*F 11VfqH(2'IP rA 000tIFoot'

TER MI ALFFNT~f/( *BF.IYY) 0006'J 0)0
--. 1ERY2zj-/AyGA NIH 0 n0-11-0J'a 0--

TrP =./4A7Z&C.ALLNTH1 00~

YOAY =TAtY 00110000

TAAZE0FFP)+1ERMA .) o01h0u00
TAP7=:F-PMA-.b. JfRMS 00 t 7000

000 On..
TAIM Z=7 A Az C O1,0O0rJ

C117 n.00230000

C~227 0 01122000ý

IJF1%2ryE,EC.1).AN10.(NFIX5.L0.0))G0 TO 1 00600

IF((NFIX24En.1),AN0.CtNFIX5.E0.1))r,0 10 4 *~ oe~o
VIENOM = &AY *TPF1Y T ASY '.A- 4 0032 tJi , b

r12Y =-TABY/DEFJOM O0330000
C2;?Y = IAAT/)ENOM no0 10000

CIO 10 . 003801000
- :1 - I-2 4A -1L ALY 0 i D.3 0 a Bl

4 IF'( NF IX1.rQ.).AND.(NF1~fi#V0.0))GO TO S 04ovab
IF ((NF 1Y3.[0.V).APNt.INrIX6bE0.I))COTO106 Clh3Aio0C0
IF i Mr Ty'%-n, I IAFnjINFUTVA~rfl Isr~n In it

VENOJFM 7AA7 * 1IPP? TAHZ 0. ý' ..

C11? 11,137 I flflNOP

C222 TAAZ / UNPOM 004ASIPOO

I'D To Ft 0t'491(J0C
rLS227 = i ./T(IP7

r~o Tro ~il~ Ot)0
t, C1 I - I &/TAA . 00'200F00
P. IF (ItxaI .AAILL.J.Nri1aLa In X3L ____ -___ .. 0 .1~ ttfl

r11ttV'41iI)FHJ*f/AL[NTN 00540000 i

Q %L1FIi.L(t I .1 Qzl ________f________________

,;0 TIFvx(Iq7)t-sjrFK(#1)f I . 00570UCj

S~l~~t7,)=-s1F~k1,1I00600000

ST IF % 4a t10)7 4TIF'' ( Lm .) 00600U000

s~ri~EF 9 1D-~IF F ~)00610000v

eq MIrF~10 (e)::S1IFFY 42%7 ) f 7'0 000

$7TFR(2v12)'C11Y O06'20i0

STIrFK(.1f98F) r -(C ,6CZ1Y)A1 O006001j0

$7 1F F' I21 CU.SI rit73vr00F)
I I r F t(,)5;t&t I 1JU#2,A.).... 12-C2-Z Lf 7 4 ~00f o-- I

-- S i- 511 z 1 F r. KA -IC2YC2y)ALNI 2-71,0 0 *1 t

TlI Fk 4 1[21, 1 11LLLL.PK L 5 s!,__ _ __ _ i ' ~7 F, (FOG C

S1 I UF "' ( 11 11 1: tIf FN *A tlul 770Ut

3.74
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ST F K(3,At =C11eIZ~1N I0082O00000

STFFK(!;vSP=SVFFK(3bl00300

S£?:FFKI(L3 3)=-STlFFKt 3*S) 00850000
srrrFKr-,.9 (( 127 + C22W)AtENTII 001160000

S~rXl~') -S'(JFFI(10,9) 00880000
17.T1FFK(9*11 V: -7IlFFK(599) 6uaolro~o

11 FF hrI C L a6- -' MLY 4 2 -, 22

* ttFFKfI2*Sl=-STlf'X46fe6) ... 00920000

* ~?FFS(3,~)I2?00960000
St1FFx49*3)=C12i 00950000
R E 7 1 ID JU _______

SUPP(,iUTIPN Ctl00100

-C IL-...04.ýKO-O )

COXKCpij~f4Lm/ xnrvrLACLT1 NINN0U1,WPCfftJ,~H0LOif,GJIIIAP,8DOFMT41,MF00030000
IOUIALIN~tU),,(P(1),INDtlS(2) 9 ND~NOS3))00040000

10 FFAr'(00'01Ui0SsMCqAEL 0000

1~.NTO(; ( 30 00080006
l~ IMC,(I *fj.PMC-1 00090000

VO 2 *-L 7 4N 2 ) 00110000
WAITý (I).lo)ACI-4tEmco 00130000

A~r0FAI~J~L.L~a2F.~.JJ ... *--- ~00140010
101 roRl'AT(RAOI) 00140020

30 ~(IJRI100170000

kgL~!S~JL' 499) NTrH(3) NEC(6),NDLO5) 04OLO460 ottM #11(s)VG( 3) 00090&00o

Vff4P 'lTr)pN pwIllori ,i0MJ(9991 00110000
fo~u~,1II KOP.LAr.tLTNJNN0UTNPCH,ý.qUH0LDGJNMAPMDOFOp1M9400o120U00o

PATA PlE(GN/Oo'/ 00140000
fUr,0. 6zr~rn i!F 0o4f)A 04 / 001%0000

LUI VAL~LLUL(JITE30 tN.HIIJ I IN'.LUr-Lf AL &00 a0a

00170000

W:I MAP(JI) z0 00200000
100O PFAI)I ~N, 1t01) NrlNt X, YsNEC, 11 00210000
---- k I If ~1.2. *Ikflh,.Y.2-*-tI..~ "l2j.oJi a-
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1F.r1.9 = .n Oj0 2 1 0

IF 4NC.C(J,.Nr.2j ft0 TO 120 00270000
ON1 =r A 2 0b280030

vMoFr(jf1) 00300000
1.2V CON I INIAf 0031000C

__ _____- -- fln3700.O.0.

MT( PH00390009

00450000

Itt NtaCt'Jr 0047o000

00 Pio~tiu 20:Hou) 05401
-_ _ _ _ _ __tmzcA I.- fl,4ft5.0l0

f(' 20 'f J2n ,1 00550000

N=J*3 C0590000

IFVL21)r4xI?00*Oo IcIuo~rtN)Gu7 300 00610000

___._ CIO -LQ-!-Azno&%n'.0no

300 HOLPfjIJ1)=H'JLfl( ) 006400Cfl

$IOL V( I )=AZERG . . 00650,000

WO I ( P( ! 3b I) MM 4H L 011 = v5v,(OL~D91?qI)900710000

I h 0 1.0( 1~ 9 )I .DIIz31s361 LqN7t 00720000 .
--. SaL--EO~fy A&.I C13 n n kt5ftD.a-

JFJ.r~)- TO0100 -. 0074000fl

1IRITrE(PCH,361) 0D750000

RETIURN 90O710000R
[NO 00790001J

,tJUflDUF1NE( JANIj,USTIFPSYttiSNCOLSNyRISMNX~ 1U4N0DqVQLU14E)
COMMON NELRI:Cq IFPLU~i NAEACII- LSTCIJN4 NBANO, NXIAN0, 01"020006

ikLC4DL@.UflJ1JD=l j.- MA8S~atA. 11JIJ4J .030 000

~~ 0037i0000

WONt!ON onoFF p00 n'00

01 MF~10N~ 0010001)

P FxI~c1,P~0~00170000

1)0 V'9 12,#4PL.0CK ~ .. 0200

M~I1FF1):Q .00240000

tL=L-b 00260000
110 99 M=.LLt 6)0270000 1L

99) COFMIINtjF . 002900013
t;GR LAT-t:rO~t ti 003 VJOOD

2 )0--4 N L11t.K-----. ----.--- -- - (115030oaoa.-
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IF q tUM,41 1I.GTNU.REAT) NGREAT =NODE 4 1) 00360000
10 CON I I ur 0037000

00 11 1:2,tJ9PLO(K S00440ýoo

IF(lN0I)FCTl.LT.NLEASt)NLtAS1:NOOE(I3 003460000 -

:0 00500000
110 12 I=1qNFL0CY~ 00510000

flOJA A D fl60-0fl0-
~JsTr13~S1I~AI)00570000

I(KK =K4eYK 005AOOOD

00 14 .Jm.N1AISM 00610000
14 STR( S24 it) STH[FSS(J#KKI0 006290000

10 KK=;X~f~00640000
12 C0P1T!ILIF 006,70000

"I ;(I nnijonna.
DO ýfl i=1,NF'10CK -.. 00720000
1FMt0rUE(13.NE.Nt.CAST3G0 to i9 0)740000

.!NfIL13~t~lflLIJfljL7500OOO
tdO( 2)104 1) )760000

PkSTPLS,'U') tJST1FF( I 00710000

tLL:-L4LL - 00800000
tj'WHUL..h44-?;X4LLL) 00810000

,24 STO(SPtJL*e.) =SPESS(J, LLL) 0084#0000
to To 31 - 00850000

2ý, LL=L4f 00870000

51 lF(4?JLOr-K.[Q.2)G0 TO 51 00 920000
F.M=fi 0091%0000

1F~tJorf!:t).r9.NfRrt)GO0 10 39 009,70000o
1~KCFc(uh11EQ11..LASTIGO TO 39- 009o80000

p ( (3 1 -I D I) 01U10000
M S T RE S A NIST I ff 11 01020000

V0!M:iM4S4k- 01050000
VEN f.12 =N .p.i01060000

34 SIMS2^J-PM41)=.TRfSS(JqMlMM, 01090000
Anl 10 41 01100000

40 COP)r7 Nur .01120000

41 IF(NFLOCK.E0*3)GO TO 51 .. ' 01130000
---2Z I (I ___________ItL5l I n0 a0-

PO !.0 11,qNft.0EV 011 10000
rrin Ot. f1).F0.IJCRF AT)G0 TO 49 01180000

I -~.fr-,rr In ASgn flhInnol~L
wI~~t4).~1NNOt~)0To 49 01200000

ljNnrEf41:NO~tJ'(1;I*. 01220000

NSTcrS4RztJ';1'PF113 01240000

00 44 N-1,6 01260000

NEWN (PNPO)ZfjY(NNNI - *. -01280000

b0 44 J=10P1N1SM 01290000

49 N=N4E.01320000

,51 COITINUr - ,.01340000

INOII) = 1 01360000
Y JC -13,10 D a 7 a-
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l~dl() =i01390000

IF(N)C(IlMl).rOo1) IPJC=G 01400000

INC = 01420000
IFi~rWNX(llMl).rQ.1) INK =0 01420100 "

INKi =1 01420300
75- -- llu 01AA000IL

1 0 110 9 J1.CCLS n 1-4540 a0 0
DO 1'0 IttJi )I fiEOL)3 ?T( l.I 0145C0000

1ISJ IFF IN)NOS I ipJ 70010oo

INILST IN1(NCCLS) 01410020
Ul~AI.LO~LS3-E.LO.0 ).MDSc -..IW1i. 70 021
lF(NCE3fIXfNCVLS).Lfl.O)JN1LST 1:llIiL%141 01470025
JFINDLSTGl*NCC!L', 00 10 778 .' .01470029

tO 175 11 = [Nr)LSI*NCOLS .01470030

IXP?(1I1 o. 0 1470041
775 tXTP'2(11,Jl)=. 0. 01470050
3.2a..Z-Lil FAU131 i StA r i in 04A 2OA iOJSlb.

t1w 78~0 -i11,NRIS*NL 01410060
00 780 11=19JNRLS,NCLS. . 0110060

tlusalio-l 1_-- _____- 14T i9

dA =0 01170100
nn0 ii II W- ~JflSn c f.2 fl 0 a(
IF OITCWNX (I I.(ul.0) (.0 t0 211,. 01630000
,JA=JA41 01640000

211 CONTINUE 01660000
WRIE( 9) NUPRUs NBLOCK, NRISM9 4NiO(1)*I:1,NnLOCK), 0169O000

)I (NnniI ,)9 - t T ~Umflik I* "l¶tst I ý4 -10 Nr-,CC K) .14.0 oiSfi0.tao..
2(( S tRES( 14 #J),dz1,.A) 1:MNR ISM) I0NO*v')LUMF 01710000

mr, rc!;=11Rtcs.1 01720000

00~~~~~ 30 ~~4Lt1750000-
?0ROWL=MROWL*NS1IPF( 1) 01776000

PACOLL~tI .81790000

tio 301 J=1,tv4LOCK .01500000J

~ 'GO It. *01 n I fl.1aI0 0.-
PC 0 .L-,M COLL #NST IFF 4.) . .01820000

?PCOLF=MCOLL-NSTlFF(J)*S 01830000
UR I I F La I1 T I% r (..?1i.*t.iiFT:rr %~airai~ I ft W1 R 2 Im, N I imijp HrG 01 86l0~00
1P"COLL)g~MtROWaFifPRWL1 0,~ .,.:O .- 00oll
tltFRtc = NSriAC * 1 0188000o

RETVPN01910000
FND 01920000

SUIRROUTIINE FOATA 0000

4 MOOFE 300) .F0R1250.1O)0)OP(fd,141199j')
OI)IFNr1flN DATAq26) 00090100

COMMII#IART/!1U10) .. .00120000

RPCH = 500130000

CALL LOhlER (OA TA9l)- 0I0150000.
.O S[U- VA TA( 1) 00160000

IVT C DA T A(14) 00180000
I PT1) AT A 17) 00190000

.--. MS T F!F1=.D LTA-LU.L..- -- .,0-2.00.0.0 0-I

_____



Wt I IF NPLH~it0031 MP7IiFF OSTRES 00240000*
100 FORP'Atf 214 025n

1004 f ORP9AT( 00~1,~00,4*00 0 1 027f0000

00 1050f 1=193 00270000

00210000

CALL COORO "00390.000-
WRIT(14)Mpg00400000

0!lrt,1?0ftJ 00460000

11 O TORMA7113#8ihl 30liO150 fl~00f1000...
GO T(14091209130910091MOT00530000

1200 CONTINUIJ0I00

127( rORMATIIHO 9EARONEDUS. CARDIN INPUT DIATA 9 ) .00560000

CALI FXTT 00510000

14 00 C-A.L-L V 0600
- (o To icin oaos-a~Oo

1 9;0( CALL rF 00620000
1610 ]F(JJ.NL*9)GO 1TO 1100 ,00630000

-___ URL1L12L1410ft0.X... - A) 6-.0.0 0 0-
10001 FORMATtAOX) 00650000

1100P krAU(IJIN,110Pfl NO0VC4WMASS41)91=1.6)9 NC -00720000

11001 VOPt'AT( 18,6f10.091 5Xq111 00730000

n)o iiriO L=196, 00750000
IFA M~SL .200) ' TO 11300 00760000

FNH 1 00780000
,ij A 00190000

111 ODJJL J-Jl 4fl 80.D 0 0.0
lFrAr~r',JJ,.f!E.N4OrC,) GO TO 11100 00810000
GO TO 11201].. . 00020000

11150 JJ =. *j 1 00830000

11300 7F4NC.f4F.9) GO TO 11000 00850000
IFE Jf'T.ff~l. ~ IGo 20000 01010000

190000 tOPýMATM4'i) -01030000

IF(Kl1.LE*MP'O)GO 1O 19100 oiotoono
- ~RT~i,2k~~j~S~j~L -. 0.1050000-.

$,TR P KS 01060000
19100 1' AN1C.L[.LRA)rO TO 19200 01070000

URIlrr(..2.aft .ufll flA4N ir "010 a(o0 0-
fiTC=LIRA 010900D0

19200 OCD 2130N~C~(1J1~,)01100000
__________~-..---~I~-.-0 1110 0 00..

1P9eJR.LL.fl)Gl TO 20300 01120000
p0 194e0 Jf~lqi 01130000

19400 RIC =KC 41 . 01150000
6,0 TO 10?200 . 01160000

RrArl(M) HSOLRA 01180000
lF4ffTR.lE.MSO,)(0, TO 20050 01190000.

20010 F-OPMA7411400 41fI0SGtq1;,#20X 4kNToR,6) ..- ~ , 01210000
NyprmfS0 . . .. . . . . . . 01220000

qnn.0. l.JE-L~lC-.Lr..lQ4.A%0G In ,1o- 0-2..j a -
iWRlTL(E,w200f,0lLPIIN7C .01240000

20060 FokdlAT41H-0, 4HIfAA,16,2OXq 8HNrc~t1E1 ) 01250000
TV PA379 0~*O2160 ou



NF 1(3,) 4 C 14) *NN=I.JK10 ________1______00

205 P(NJO J = C(NN) 0 1300000

4210001 CON I INUF. 01350400
- nn i n nI 1-l*PNlf I0J1

KP 1 0 1450000
IJ P1 (10 Pl~DnJlNqTR 0 1460O00

(JO 21!.00 KtKP4f, 01520000O
IF 4K.E 06PPOF lJJ)) 00 TO 21550 01530000

21500 CONT INUE 0155000'J

60 IfO 211500 01560000

.2 t UPLY.U.-,LflhJ4JWL 1.510 0 BO.-
21A00 IF(?'APIJJ+1)*EG.NO GO O517!0 is 00

KO0 = R1 01590000

OP(FK) =0. 01610000

216,5P CON 1181W 01620000
vpp0&0DI
WR1Tr.(0,23700)LTit4O),1OFtorA),OP(5),OP(6)tOPt1 ~,OF'423OP43) 016800000

21700 FORf:AT (P14*CPbL12*D) 01690000
--. F " ( 1)12 .2A L L----------------------------------------a 169.01 a a
IJR17L(NPCtl9 21720) HOLD 01100000

21120 FORMAlT( 800M) 01710000
GO 7O 218(00- 01720000

.2 i 750- MP-V.:.k. 1- .__ ____________- 0-uJ&i,0 0 (.

21A00 (0 CNT IW f .I 01740000
21900 CONTINUF 0175i0000

--- RLI E-ilF-LH %. UIL-c 17 A0IM m
21901 FORIVAT(h0)O 0177(0000

REWINDl S 01780000

ENE) 01800000

~.I1 "u1Nr(E 00010000
I~1ttJ~18 11( '),?GR(~,N~4A '1JC()OL(00qC4).U3),(3) 00020000

COpMfl/)t:1,jj,ri Kflr' 1 LACLTNJNs,';JaUJNPCHLUHlOLGJN,94A3~,1D0FMtMTP00030000
roUJ~VtLrrt'CE (IF1.NlJS(1~) .(NDINOS(2))tND)2.NOS(3?),(N05,NOStiq9, 00040000

901 FOP'IFA(13q3I1.¼11,3F10&5Ji 00066000
902 r0RMA~t*c49,3I~q4Xp51A13 00070000

WR 1Tr4 *9 1) ) OSpImc 17P-. 0 008ho0010
IF(I0.NF.0.AND.1fl.NE*3)G0 TO 30 00090000

IF 4 PC ( 2 ) At s.O.) GO TO' 21 00110000
IFPlPCC(3).No.0w.O 10 21 00120D00

oi-JPC-t21.;1.RLLI.) -. 0. . .03 00 00
IF'c (3) =TVC 01 00140000

21 803 =L7(Nl1 00150000

JjDZL7 Li~. 0'03) 00170000.

rint. no,, =NcoL r/6 00180000
WR L 1119 IiLAPtsEc (M1tJ..GLMU1 .... 1(10190 00-0.

logl F0lPVATE(r'10.3,1'f' 1O-.3IPF.10.5i,20t21.,2Pl'9.1) 00200000
REAM0#1,101)P~OLD 00200010

WqIE(pCI,02)G~HoO(1401L 01,1 )I0LJ1)HOD1) 0*tl021D0000

3HOLt'( 1) ,I1OLD( 45) ,IPOLO(Aig) 002.40000
30 RETURN 00250000

F- N11r..l~tl=
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A

E:r V~~ 1 I(J VTr I Vi(3C v IE I

(C!`f'() P /J Ilr,, /I le, (.v. I' A( ,t. I 9N] NI ,NO()IT NPCH , 4U91101-19 1, 9X JJ 9 M~AP *MU (F ,r I *M140O .5 0 3 000

__JU N' 1_1 2 k"C !).)-s (f.Z~tI PE EE 14 3JLL*.LLJA'.iLjhLIt.31L _____ 0 0-5 0 0.00O_

I ro~ix0~t 7 H . -rP * r j o .) ) CA1,1A10A10 00000
-. 91o ~ .. ~.00080 00..0

vgD I T ( - , c'(' ) 'M !. -!'F Ik 1 000#30010
P*ut, Ir f po. 7 (, (0100090000
lf.(_LLAn.1A. oLAL.....____ IL ~Jf~ .U Q
I F I'L .F '~f 1 I'C= 1 00110000

tFl-. . F A ) NMIF=I101000120000

r'f' 3 :(,7 ( Yr.'?)1 00150000
WK..-1 L-(J] 910 0)-.ZcLL,#W tE ttAL -&L t!"LI .. 0 1____0_an

10,r: ~0~C1 rl-II pr I I 2Frr I I . p 1 43.P q p I,;'I 1O 00180000
'rI.F '( 01,10 1) (fI CL 00180010

101. F0FI'A~fIIUAI) .~~~.~ 1 0 2f
URI If rci'nt~' ~I2N3HL~t)~0;() (VI(1.l..) 00190000

IHOL I (1I)1,0101. 0 13.) tPOLFI 14 4.EHOLDl I) I I1PC, ),POLD (22) 00200000

M'L 00220000
'WOLV( 4F- I v!010I.( 47),tIOffll-(M4m) #HOLD(q) 100230000

30 NETlUkV ~ _ _ __ _ . 00AD0.
E ND 00250000

J

I'll'N L'f, L1CL "F'lUC!5, fPE Cli, L!-~T CflN9 h1d41A1 V X[ANti , 00040000A

~'j ~ C* ?i C,,~ 1~P!KNTL~'ttU0D I 1111UY20006000DI
OP'(: /I llnr.kF.! ITFMP(CA) 00010000

00090000
*2tOMPTI124o,^411INC~flt4 00100000

.CQo~it'Ct~ik~c~.......-----*-.-*-.. .- __- -.... -- o 000o
C0&tF./JLY/lHfl00120000
I I~IFP!T 1'H ' MP1P)00130000

-- LOU I V £kLuj.L.LLu.Lt~ii ___________________04- 000.-

('RF (~fl D150000

F r 61 11,1 : i -00190000

-. IciJ,-jj.Err)..JLLI .LLIn 11 ____________

fdII'() I ip I, a~,8 0012100001
j =j 1; !rI C r 4 1 00220C000

fo O10(,,,s,7i9,0,IN 00240000
P CALL WAL 0P250000

3' CW PF I'AM 00270000
C'fljr~002ft0000

4 COIJTIiL _. - . .....
CALL. 1I10AN( 00310000
V.) I10 1 00320000

.. 6.-. C 0 N1 ___________

7 C 0N JI INIJC t1)(142100
P COlN1'It I .M 00442200

to0 -~0 IT IIilir 1100 42400

LAPP =- 7PO 00470000
NZ t R0 :- NFTF~PS -0 0480 00 0
URI.TLL.9). N2LR.O).,NZLRf)j.INZE~Lh4ARk-&MZLR0.,..-......___ ______ l SiV.o0govo-
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I NUIRFC-P PP~tCS NFECI1, LSTCONs NE'AN119 MXPAND. 0000
I O'XLC'.\tl VXUOflSq NAASEq MRTIFP. MnTRLS, LIN* 00510000

RCUINn q1 005too00

RUTL'rkti 00560000
1 Nu 00570000

TITLE '*IJPPOUhiNI H0P~'?ERO * t' C P It 0 P A R tUN02?!75

711! TLS t111WOUIL SOUPCE LISTING IS * CtJ1D374
* - US P 1? 0 P P I E T A R Y O N100374

*~w n aLJ3pIA_
4 4 4 * 1. 4 4 4 4 h b a a * ~ VNI 003714
* DN100374

~~ D~~~ftl-ri LAD Z URIJE-.DGICrAL .10111k LtAEtO_______
* ~rop INIE"NAL CONVERSION PY FORMiAI CODES
*VIPSIP14 ? LEVEL RELEASr 21ae4, A06UST 3972

r4 VTS!4r-.i~Y tytDiIA.L for f. -LufLjLi sj~ fl~I~T
* Il-I1S A!.tSUMIS TH.AT THF rFXIENPrrv ERROR PACILIIY IS SYSOUN

4 tilE RS VALID RIf AD) 4Vt) READ NON 7EPO UNIT
4 ~/rONVPT/ INTtPNrL CONV(RS5ION BUFFER lICE)
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TPA k~p((.,9 1) =T&Pr ~1I 1) 0 1650000U
I RA t~2I, M =TF f'JS(2 12) 01690000

f) Jz 1 .6 01710000
1,0 1=1.1ti 01120000

4 11AU IstZ1N2 s 1..)_____ 0 1730 DOD_

CALL !1TWVI '; 9I ,RAVf2`,~l 9A,69i) 017iF.0000
C At.L tA I wUP It TR A ;S ,IS2 YPA':S3,IRP ,9,6) 01770000

-,---CLL -MAT 1'W.TP.U!ýS3 mIRAS2 *TR&M&Ia.IL ~16J0
c(ALL (1 AN S17RA?'VF,5 vSII ,1~tNX I HOE X i IYOUV OtUM1 L 1M10000
F 71 UR 1 (11820000

- .. £jU. -._-.____' _01030000

t;iItS~) t 1U'Jrr((.1IKI9UP13KAE 000100001
fU5jmIftqsiW1 P ~EJ'~tUPDKAE 060010000
2KSA VL ......... =.. .U0l~00

v_____z__________________________ 00100000

T zf_---1 - 1012.fl0D0,4
tIEP = in t.I 00131)(000
lIWI VIL) Y< / W IT 001ft0000

__________ __________(_)-L_11._____________________D0_1_0_0___

p=v- Pjfl - 1kLINPKOEL) 0010,0000
I f UM'1I I I OU001000

fJIir JL' n n I go" O_
N C 00196000

2'!U43L'. N A 1'rL-- - PK L1 . .ý CE_.~___ I-
:'Ur vnumi tW f m0fUIFPK , I UNPKfl) (o n 1n pi [t

Ir 11! 1 ( f I L!, P--oo t 00 0OOo

I= - L 00090000

I U-1, PY.! 1L) K /Ni00110000
#( - 111 1) 1% 1'NPK(NL) 00 O120000

-- 11CN 'P0; _ 0 .01 0 (000
L I I P 00140000

395



.IIE"tLR NAPE_~ AL)6 B~_ _ _ __ __

SUIHROUT1NE ALO 00010000
VIMtNSION KOtJMC155) 00020000

- DIMENSION SCOL(30096),AELMJX4t6,63,ýONL0UbO5l,.. 00030000

1XY7(l00*6)*XY2SUOB(6)o KONTRL(6) ooqoooo
COMPON NFLRFC, PRICS, NRECII, LSTCONt NHANJLI MXFIAN09 00050(100

-_- ~1 C L - _____kJ_, .0 0 60 0.0 0
2 N~rRtC* ?:OGO# NSTRPS, KNTLDS$ MUDDYl, MUDUY2 00070000
OIMVNSION INFOCIR) P8010000

EQUIVALENCE. 4INFO(1)vNE:LREC1__...--- 0100
RtAL) ( 9) NZEROq NZFRO@ NZER09 LARR, NZLPOi INFO 001300c0

2 CONJ1INUF 010190000

LX =12 + 1I0000
[0( 4 L=1 9J2 0(210 000

KONEO(LX) c KDUMfL) 00230000
4 CON71NUE 00240000

.... IUL.N .J ) J4~Z .... ~ _____ ____.D0.250000..
KOUNT 100 00210000
14L I K S 54 00280000

.INLOS. 1IN 1 - 00290000
6600 FOR 4AT0041, l0xjPF _GRAk CONTROL 1FORMATION'I//5SX 00300000

IINO. OF r-TRUC. NODES = ,IS/5Xv*LOWFST NODE NO. '*t4.'!x, 00310000
_. t OF O LOAD? CiTlfI91_TIO= t@ 14/5 ,8AOJDH~,A5,O30

3'NO. OF 11T1"U01jRAi E.ENENTS = #*6/SX* 00330000
41'ORIr(P OF S71F.FFESS hIiRlIX IS 441A) 00330100

VRTU6b)N54STND 3SJSCOkAj.N8~SjN~p _ 00540000
IRoWI I 00A900113
1101 1 00500000
USTAPS 0 _____________00510000

0 00520000
001 0tJ0AD.1000530000

LCWE SI ~1 00550000
5 COO1NU(~005601300

- -_____ __Q of61 0000~
noU 10o T!: I ie 10 00620000

10 SiC(L4Iej) 0. 00630000

1~~~(.~.)GO TO020 00650000
15 TEqTESE.N1E)OI(At00,90Jsd181 00660000

L-1________ 00600 000

READ( P.) fit JJ9 NROWS9 Wq'OLS,((AELMTX(IJtI1)*,i1=14NCOLS39 007006000
1 llý.lqOflos) 00710000

'__2 ~tJN.JAVE.) GO 0 f8.Q0~tf _ 007.700 D00

P%(r cIICT.T,'AVC OR . II -L T, L EST J GO to sS 00820000
I zI I -LQWUS T DOH6000n

D0 25 j - I,14COLS 00890000
25 SCO1(ItJ) z COL(IqJ)' A'EMLXILViviI 00OP
-_-iMCOL_ "'OL 0 0910 0ý0

Gil 70 15 00920000

006TK~,MO 01000000
NS1IP's NSIRPS 4 1 01010000

wRjITE 4CO(,a1O(N1~ 01030060
It ()W= j OW4 1 0.1050 U 000
IFILt(1W.07.61 LUWLST 2. 0 1060000

-F.4 Cf)NI INLIPC _~.*.*C 0 0
H 4fNSTRPS.6rE.NFiANO) IT0]=1 0 11 ia0 0 o

1F( KT' ýCS.,EQ.N-FRFC )G0 TO 150O 0 1120000
Co 10 b.......................................0 1 130000

90 CON7I I) UE u 010 a0 0

1 rOW I11. OAJ- L OW[I , 01200000
.DO I U0 H Z I , ?1CL. **!.2..1 0021000

NSTRFS N.ýTQPr 41 012230000
Ifilf z RCW1 4 NBANI 01230000

-.-IR O~wl..--; '1 9V.1-.-.- ----. --.
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WR I TF(I )IS FAXI 19K $I= IROW 14 1 IND) 01250000
ion CON&TI Ift 01210000

-.--- IFl 4 SF P FEC(.iGTJ 0 0 K.1-)EC_
ILO=iL:1 M1O 0ow9000i
LOWI S!=1LOW--5 013006000

.... t OWES To I. T.?Ikf1%CS!!: 131 00
GO TO 5 01320000

1-51) CONTINUE 01390000
nrw IMD NOA ...- 0 000 0

REWI pi~t) 1 01410000
E ND) 0 02090000 -

V ~ NYT:~ _______ ___ 0200 000.
NOD( I 02110000

210 CONTINUE 0211(0000

DO 21s JI =196 02200000
215 1(YZI11,JI) =0. 02210000

.. JF( KN ~.20.~20i225 -_________ ______ 0220000
220 ArFt)III) 'JS;UIIKSIJIIXYZSUB 0?224000

KIJI KN! 1 02250000
____.225 _[oilI 1tJUE. 2282H 0 000

IF4IfSUE(.NE.NOD) GO 10 235i 02290000
DO0 230 J1~1=6 02300000

1rKNfT.LT.PiRECJI)GO T0 220 02320000
235 COJTIFJU[ 02330000

DO 71D I=1q602370000

IF I <0NTRL (11).N'..0) GOlO 240 023110000

JUD ~JN * . ____ ___ ___ 0 2 0390 00 0
WJRITE( 3)INDvtYZ(K0I).lU10LS`FC0N) 02400000

240 CONIISJUF 024800004
NOD =-NOD .____ ____ .... 0q00
FIF(NJ.LT.NP11C11) GO 10 210 02500000
Ir (IflU.LT .MJ;TPPS) 6010O210 02510000

REWINI? 3 02530000
R r. I ,JnN 02540000

_j10M 110 f)2,ML3AV......----..--. -.-. '4-. . 0000
JuPR~ I 12 00070000

010 110 IJ 7 UAP1 ... ..2 _00060000

-1J I= 1 1 001100.000
Ij j 001200.00

110 CONTINUE, 00130000
RtAfl( it tFS1)1sd~Y1,1) 00140000
KNTIO PINTo 10 1 ____ __ ___00 150009

900 ('ETUPN 00160000
r. N D 00170000

SUB1ROUTINEF KAY 0000
COMMON PJFLRF.Cq MR!CSa NRECI19 LSICON9 NHANO, MXI3AND,' 00020000

2 NSFREC, NJOGO, *JSIRPS# KNTLDSo MUDOY'v, MUDDY? 00040000
COMPMON/ATOS/GJUNK(A2193,1ROW,jJYjz1 KN110

....AOU PLE -PC 00; 05001 .

t1IMEN."1N YAKI2909100114 gt290)o F(l60) 00110000
tOIJIVALENCE ICJUlJK(1)YAK(141'1l If 10JUNK(Z?90011,S(M) 00115000

5102n31 = 1,~T1CON 00120000

_ 03 0203J r1,NHANO 00130000
-.03YAK ~J.'1LA0.~ _____~~~j~~ 1.4 0 00D

3 97



ISRNC4 1 0100
205 1 _ 1 # I 0200

IF(I rO.NnAflD)IPRNC 2 0100
207 CON11NUF 00200000

REAAlt4_IS _._.. -_-- - 9 0220 00 0
READ( 3) MUD9(FfI3),I3=I9LSlCON) 1)002 4 V0000
It I 113260000

__0D220 Il ST0 ___-0800

SUM 0 . 00290000
- VIF(I1.LT.1)GO 7021n 00310000

_______02i01 1j100320000
IEMF'A = L6 00321000
TEMPS YAK4L9J) 00322000

-2 10_UM_ S UPI tLN E~PAA__#EKE______ - 003ý30000_
S215 7EMPC = 0J 0350000

T EM4PI = Stf) 00352000

220 rONJTINUE 00370000
UR17I((1)PU)DtlYAKIIKhvK=1qLSTC0NI 00390000

--. 223 r D .. T rSS A 2..-P0 l 0 _
G0 T0 (205v225)9I8RNCH 00430000

225 CONTINUJE 00450000
.VOZ ACLtD fA I00l_ 60000p_

H2 =MI-i 00470000
U0240 M3 =1oLSICON 00480000

_2A0Y__AK (M2tM31 = A)V1i ASM 3- 00*39o0 0_
GO T0 207 00510000 o

250 CONTINUE 10530003

R.EWINDA_ 9 00ý560000o
REWIND 10N 00570000

_2i0_CQU_~~jAPU. ____________ - - _ _015_f000 -0
RETURN 00590000
trio 00600000

COMMON NELRI2C, MRECSi NRECI1, LSttON9 NBAND, MXUAND# 00010000
I MXCLNE0. HXNODS9 NBASE# M4STIFF9 MSIRES, LIN* 00020000

.2 NSF'R t-C,.pOrOs NSTRfEIZN 7L D."- MU D Yl,, _HU0.Q Y 2-- ... ~_ 0 0 030 0 00
REWIND 1 001 10000
RE WI NO 3 00130000

tW1ND 4 _______- 0170 0 0 0
REWIND e 00070000
REWIND 9 09050000
PEVINO 10......-.-.-.. . . . .

REWIND 11 00090000
REWIND 12 00150000

____ _~CA QLAL__________ _____- _ _q___ _____ ýop AOO QO
CALL SIFS 00270000
CALL KAY 00310000
-CALL *týt 1 - .-- _ . - _
STOP 5 00350000
END 00360000

SUI4ROIJIINF sTFS 00010000
COMMONr tJELPFC9 PIRECS9 PIRCCII, LSTCON. NAAN~o M XUAID, 00090000

2 NSFRFC9 1YO60. NSTRPSv KNILDS, MUDDYIv MUDDY2 00110000
fDMMlON/AIOS/5%4219S),jIR0W, .JYv 42, KNIlO 00120C00
f)__OUPLrPrrCISI NUEPATEMFPJfl, PC, M I0t25000
01 vFNSIONP S;D1JmI?90'j,T(:tAPN( 3,3),K11T1291 01300
NPANDJ = NHiA1D 4 1 00150000

S-. ON I IBA?jO 1.7 I_ ____ _001600

=RO 0 00170060
NGUJ1Y 50 '001__ __ * O 7f.000
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CALL ERRSET(251,300,-1) 00100000
CALL ERRSfT(2(Il,30D,-11 00105000

D0 20 N =101PANO 00220000
12 11 4 N -1 00230000

- RE 1()SE~P .L I j j 00 240000
It 4 N 00250000

KIL7(N) 0 00255000
kVCONTINUr 02600
JY = 1 - NRAND 00-270000
JZ =11 - 1 -00200000

I(TO NBAND 00290000
NSAK 1 00300000

~(II ORTI(1)I00340060

S(I) 00350000

0O 25 1=29N"rANfl 00370000
-St K).1 LAI 00390000
sO~U"MIr S(K)
IC(sIJum( ).mE.o.) KILT(Ilm1 00395000

~K 41 ____________ _0 0, 00 000
25 CONTINUE 0400

URIIE412) NDAK, (SDUMfI 1)911:1,NBANV) 00450000

NOGUY INSANI)-1) -(NOGUY'.3) 00490200
00 40 L =29 NRANO 0050000o

~ S EL ~AI L (I OWI)J~ 00510 000
LI = -1 00520000
00 40 M Ll NflANf 00540000

IF(FKlLf(M)#E~o.) 6O TO 29, 00540200
IFIS(ISUSI-iM)l 29931,29 00550000

.2T.SUN~-y 0.___056,0 000
VO 30 K =I.L1 00580000
ISU1SKL=((tL-EIR0U-I))..2-(L-ti1ROW-i)))/2,1,K-IROW 00590000

ISURK(M=(IM-(I0OW-1-i))'2-(M-(IROW-1))U/2414K-IROW 00600000
TEMPS SIISIJBKM) 00605000

U__ S :U ýJ j Xlr-ikt f2c 0 6 C 1 0 0 0 a
30 CONTINUE 00620000

7E.ýPC = SISUB1.K) 00630000

IF(t.NE-.N) GO To 353 00650000
FlrvUy z NOUY + 1 00650100

TEMPN(NGUY92) =S41SURLM) 00650300
TfE'9PN(NGUY*.ý = 00650400
1C(NGUV.LT.3) GO TO 6969 00650500

.IVKOUNTR.LT.50).. ~~0600
WRITE(696910f) 00650700
g(QUjpjTp = 00650800

URITE(694200)(TCMPNI3,NU),NU=1,3) 00650910
P~nuNTfl=KOUN7fl*P 00651000
NGItjy =. 0.....- - - Q O0651 100

6969 JF4qL*F.EOftANfl).ANfl(NO0UY.GT.0)) WRITE(6,6971)((7EMPN(NGNUINU=100651200
291,)N0=1,NOGUYJ 00651300
S !JQtiL-7S-QQrj 9 QOAQ)006600 0 0
Go TO 3A 00670000

35 IFMPA =S(ISUBLLI 00680000
:S fI-S F Lf! = M -- .----- 0-0680005 .

38 KILT(M) =1 00680010
GO to -t0 00680020

~~~LSI~~~~ IS~~.~,____ 06 80030-
40 CONTINUE~ 00E690000

.12 100730000

J2 JI + I - 1 00150000
WRoITE( 4) (S(j1,d=J1ltI2) 00760000

60 CONfiPIUC 00)
IF(KfTl0.CO.NSlRP'q) Go TO 150 00190000
CALL .-.--..--- .00000000..
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m NBANO 00810000
woUY ( 00840 100
KOUNYR =50 008q 0 200

ice CONTINUE 008000
IRDN IROW 4 1 00860000

Pi=Ml _____00070000

Iruf(P47I.LT.NSTRPS) GO 10 151 00880100

NOGUY = 4M-146AN0) /3 _______________________ 080200
WNOGUY 48-NOARD) -iNOGUY&33 0800

00 115 L=IROWN 010ogoo.
i i6L 4(- C 6 1ROW-i)*2iM1ROU P il/4 4L- IROW -____ ol

IF4KILL.EO.13 GO TO0103 00890020j
IF (S(ISUBIN)) 10391129103 009ceo00_

103 UM 0. 00910000
LI L-11 00920000

___FIt.LT.IROW) 60 10108 ______0300

ISUPKL=t (L-( TROW-!1;4.2-(L-( lROW-I1))2414K-1R0W 00960000
IEMf'A =S(ISUPKI-) ___________00965000

I E~(M(RDW- 1)) *42 -1 M(tI Row -I 5Ti2i4K-R0W -00970000

YE'P8P S(ISURIKM) 00975000
SUM =SUM * ErMPA 4 TMPO 0098O0000

108 CON TINUEi 01010000
____TEMPbC =SEISUBLMJ 0___ __ __o1015000

scome = IFMPC - SUM 01020000
1F(L*NE.M)GO T0 110 - 01030000

NGUY =NGUY 4 1
ICMPINCU,1) COM801030200

1EMPN(NGUY92) =S(ISUBLM) 010s3030

TtM'NINGUYql) = V 0 1030400
.- CO-1____ J0__9 01030 500

1V(KOUNIP.LT.50) GO T') 7072 01030600
URI T11(,,6970) 01030700

707? ~l rtE6t,6971 3 I(TMPN(Ni,#NU) ,NU=1,3) ,14=1,2) C1030900
WRIT(TAi200 - -(3NU9N~- 01030100

NGUY =0 01031100

7069 NFl (L.Ea.P4).ANF.INOGUY.GT.0).AN0.EKNTIO.EO.NS1RPS))WRITLI6.6971) 01040000
______AJJ EtjPiLM(PCAJiLL, V4 tL7At~9~Y. -ý.. Y o)O 0

SCISUBLM) = SnRfiSCOjMNI 01040200
GO 70 111 01050000 -

-11 0.CO NTITNIJF - -- 010 7 0000
1SUEI.L=HL-( IR0U-1))**2-1L(180tW-13)I/2414L1IROW 01080o000
7EMPA SEISUOqLL) 01090000

111 KLL 1011001000

00 TO 115 01100200

115 CONTINUr - ---- . 0111060300"

NOIAK NIIAK 1 63250

0311000 0

DO 0 120 1-19NIIAtiv 01140000A

120 SONK)U 01116 0000
K=TF K 2 * OA I .n~ui 16 1:,0N 010000_

12 OTNF01 170000 d
RLIITr I I K).i~JiL.___ -0 - ____1250 00 0-
IFElNTI0.[O.PJSIRPS) 60010 15D 01260000
CALL EXCHtNRAND) 01270000
GO -.7 O-00..._______ _________ ---_____012800Q00

150 CONTINUt 01300000o
00 180 I=29PJBAND 0 13400011

- -00 -1.75-At .:.N[If Aj- 0__________ 13000 -

11 1-(J*42-J)/2 4 1 .01360000

175 SDU'4hJ) = S(II) 01370000
-... tif3AK =NBAK +-.I __ .O 3 O 0

400



691O CON oT IXc217u3F5 0014100

18XIVOWI)01412000

R.PL INO 12 01430000i

RETURN 0 1450000
END 01460000

J LM RE P. .N A M EJJNPK2OV ________

SUPROUTINt UNPAK2(NUIWKDIUNPKlD) 00010000
0IlMEN-,1N IUNPKflhI,) 00060v00
K~-f NI)MPKO 0~ 00 .~ 0 70 000
00 15 L=1*6 00080000
1 6 -L 00090000

lUNPKPt(i) K /NEDr 00o10000
Xt =K - lIIO # IUNPKDIL) 00120000

-. 15 CONTINUE - . .~00130000

RETURN 013140000
ENV 00150000

SUBROUTINE DUEL 00010000

- IrlE NS I () N__ II ' F O.( 1___O 00080000O
PIMtNSION X?290,300) .SC(290IvYK2E10O0)
OtMrNSION XSV(fiq100) qNEOCN16)9XDUMlI55)

* COMMON N(LRtCC MRECSs ?VRECIls LSTCONs NRANDq MXPAND. 00110000
I MXLNO, PIXNOOS9 NBASE9 MSTIFFi MSTRESv LIN* 00120000

EOU IVALENCE tlNFOCI)oNELREC) 00140000
PEA~t 5) NZIR0, 4ZER09 NZERD, tARP, NdZIA09 INFO 00150000

NSL fl.~fl LR. 016 0 )0 0
KNTLflS= tIN-1 00106000
NSIRPS = KNI'LlI 00180000

IONO. OF SI.RUC. NODES = 0#1/5X*'LOWEST NODE NO. =',14/5X* 00200060
29NO. OF LOAD CONDITIONS = #914/5)(06ANGWID71- 2 11415)(1 00210000
3!NO m0f- -1E~AIAL.~.2.i~L. - -- - 00LR22a0,000
49NO. OF STIFF ROWS 11COLS) AN() No. OF LOADS ROW =to&) 00220100
1181T(16,6600) NSTNDS9 NSASEt LSTCDN9 NOAND9 PiREtS, KNILnS, 00230000

--- OU N l9~ 00__ -o240000

IILINLS=600 002!ýo 00U
00 3 1 ItiLSICON 00260000
~P J~jl1 ND ___________________0 *7 0000

3 X1JolI 0. 002806000
NU"DUM LIN 00300000
_.J8P{cH ______ 00310000
I =0 003206000
NOtT NsrNllS + NnASE 00330000

GO 10 450 0030,C000
5 1 1 00400000

401



7 CONTINUr 00430000
READOc1 :0 PUri, (SEII2)9122~19) 00470000
R~kD( 1 01 .00-Vt (K (13J.13=I .LSTC0I4) 4JO 1A09Q.
riO 20 J4 ItiSICON 00530000
SUM 0 . 00540000

.1 r ( I. rQ.1I) ro. to -1.5_________05_______________0__
DO 10 L 291 00560000
LI t I L I. 1 00570000

J__f~A = SCjI.L. 0i.91V2 000
TMP~P =Xp I 0057*000

10 SUM = SUM + TEMPA * TEMPRP 00580000
151_lMC._= 02AIL- _ ____________________________ 0600c000_

TEMPO SC1IP 00602000
m((I,J) TEMPC -SUM)~ /' ITMPO 006,04000

NUMrIUM =NUMDUR 1 00630000
WRITE( 4) NUMOUM9 (XIIJ1I,19Jl=LS7CON) 00070000

~...L4L..NL~dt.± ~-- ____ 0 0 6 A00 0 0
1~tNL.NfS*NE*KEEP1T) 001 *00690000
00 25 JK=1,6 00700000

25 XSVfJK91I) 0. 00720000
NSIJO= I - V.EPIT 00730000

KKK z 7-KN 00150000
IF(IEGCNC(KK).G1.D)GO TO 32 0076n000

NSIJO U= *ss 1 00770000
DO - 30 -J J I A ,TCO N _-00780000

3b, XSV(KMKJdi) = (NSUfl,jj) 00790000
32 CONTINUE 00800000
3 F PMAfiTLIIM..! 0 A ! j.__ 003 50 0 00

I 2SX,'FJNIIE LL(MENT REIHODO(LOGY'./9 00851000
2 32W.S-74 FINAL RESULTS',0I, 00852000
.3 E4,1'POT A IIONS (Pp~jANSiAN0 _DtFLECI I.ONS'). 0853~o00

611 FO'RMATEfi,2X,'NflOf * ,59,2X,'CONO',*X,9ROIAIION X0,1OM, 0087DoOD
I'OROTATIflM V'.IOXg'ROTATION Z9) 00680000

612 F0R"Af(1X.1,f lPrll.To1P2E20.7$ 00890000
61212 rORMATE 1MT~,)PEI7*791P2E20*71

KIN 1 00900000
-SO MEND KIN 4 0 - .- 00910000

IF(Kr.No.GI.LSTCON) KCND ISTCON 00920000

IFEkOUNT.LE.MLINESI 60 TO 481 009*ooo0.
MOUNT =0 009S0000
UR I 1 46 o, 131 _ ____ -?060 00.0.-
GO 10 19 00970000

401 CONIINUF 009A0000

DO 40 KM KIN49END 0.1000000i
V811E((t46,2,KK,#XSVIKI,0KKIKlfl,30 01010000
WRlItiEU)NObte KM.*ENV(KI*eKKo ~~ 1110
Eolw -0CFII~ 01020000
WR I WRI4 69,614) 01020100

I__$M--K I oMEND - J.q _2_ 2 0.0

41 CONTINUE .0 1020 *00
KIN _KFNn .-- 0000

-- I- F(KiN.d.LC.LSCON)G0 10 38 o010*0000-
If(NUMDUM.EQ.L)G0 TO e0 01050000

S_4& YCtLJliNE 0 1-0-60.000
GO 1044559*60)#IREAO 01100000

455 CONTINUE 01110000

402



1rVA04 9) NSTNOS9 Ill 129 LARR4 JAKE, fKnUMfJK)..JK=IJAKtJ 01150000
LUG 20 01140000

6 0 CON TINUE 0 1100
LUG =LUGl 01160000
IFILUG.GT.JAKE) 60 TO 455 01200000 -

NOE NODE_- 1j ____________ 01210000
CALL UNPAI(KKOUM(LUGI1NEQCNKEEPIT) 01250(000
IF(KEEPIT.LE.0) 6O TO 460 01260000

54__ CNLINVT__________________________ 01370000

CoGO 0 Sig Sn),1BRNCH 01320000
55_CONTINUE ________ .300-

00 70 pql 2NAD01370000
D0 .70 M3 = ,LSICON 01390000

70 xtm2,msl =xtm1,N3) 0 14000DO
to0T07 014N10000

90 CONTINUE ____0 INSO00O

REWIND 10 01450000

RE TURN 01470000
END C 14AOOOO

SUPPOUTINE FSTR 00020000 -

DIHENSION rSS(l00,28),SthESSf2O,4a),X(2909100) 00030000
-_-It, OPMAYIPB)v p12) N~A.2)9KrI . *.O00O

2.NOOEAR(fl)s KLSbLK(B), INONOS(N 00050000
COMMONI NELREC, MRE7CS, NREC119 LSYCON,'NPANO, NKBAND, 00060000

2 fMSFREC. NOGO, NSTRPS, KNTLOSs MUODYI, HUDOY2 00080000
DATA KMA~oKMINr /2HMX92HMN 1 00100000

MOST = ?ApANf 00170000

IF(*IRXSAND.GT.LIfMI) MOST= LINI 00190000
DO 4 1 1,MOST 00230000

,~~~~~~~~~~~~~ REDN UI(,) I1N4......~0 0000
INDLOW LIN P OST 00250000

5 CONTINUE 00260000
READ( 9) ~K) 08 0
1(11 ),I119NOLKS)s (KLSRLKIII)9I1:1,NELKS),KOLTTL* 00390000
24(STRESS(I1 ,J1) ,J1=IK0LTTL),i1ziNRISM),9K1NDVOLUME 00400000

__ NSACCS =NSPECS + 1 00410000

IDIF INDLOW - INONOS(2) 00#190000
tiFUTn = MOST - IDlE 00500000 _
9)6- 1 1 =1I MOS 00520000
IF(tI.GT.NENLDIGO TO 7 00530000
I__ I1 I + IDlE 0 0570 00 0
00 6 J ,SCN00580000

6 X(I fj) Mt11j) 00590000
GO TO ID q6D00 _

7 CONTINUE 00610000
READ( 41 MUD, tX(I$JI),.Jl=I4L9TC0N1 00650000

20 CONTINUE ____00670000

INDLOW zINDLOW - IIF 00710000
16 CONTINUE 00730000
_ L0Q8j.B_ NR ISM -0-0 OC 7. _

OPMJNtI) Ir.IO 00750000
IS OPMAXII) -I.EIO 00760000

___ D _2J~,NHKS........ ___40300



NODFAR(J) NOOEANW') *NBASE -1 00850000
25 CONIINIJL 00860000

.1 0 0 5 9 001D_
LLFIN tMLINES-14 06910000
IF( LSTCON .11. LLr1N )ILFIN. *: STCON 00920000

K~,STiCpfi 09 3009300
Do S0 L rl*NRISM 00950000
sum 0. 00960000
J2 0 00970000,_
00 30 I~r1.NrLKS 00990000
1F(KI-SHLKfI).LI-.b1 GO TO 30 t1000000

Ml_ MOST - INVNOS( I) * INDLOW ___ 01050 000
.11 =1 -j4 1 1060000

J2=J2 * KLSPLK(13 0 1070000
00 219 .J=J1J2 ____________011100900

SUM SUM 4 STRESS(Ltj) * xMIMqK) 01120000

30 CONTINUE 01160000
FSS(Kot) =SUM 01170000
1Ftf~lM.G.T*OPMIN(L))GO TO035 01210000

KOPNMIN4L) =K 01230000
35 1FtSU?~.LT*OPMAX4L)) 6O TO 50 01250000

MP¶~L _____________ 0 12 60 000
NONMAX(L) =K 01210000

50 CONTINUE 01290000

'dRtiTfl(3) NUMR[(vKIND ,t.STC0NNRISM,((FSS(KL),K=1,LS1CON),L=INRI01320000
ISM) ,NODCARKONflAXKONMIN,0PMAXOPM1NLL1NLLFINKMAXKMINVOLUME 01330000

STo 5 01 L340000-
tNtO FILE 13 01350000
FEWJ1Nf 13 01360000

______ Il ? ___~ Q Q0 Q.
END 01380000

COMMON f.ELRLC, PlECS, NREC119 SCN P~oMRN,0100
"I vCLNO, MXNOO)S, NBASE9 MSTIFF4 MSTRLSs LIN, 00120000

.2 IYSFRLo~o
RE WI PI 10 00170000
REWINDl 12 00210000

-- EE W NO-9 a02500 0.0.-
REWIND 4 00290000
CALL DEFL 0 0330000

CALL FSTA
CALL EXIT

END 00410000

ftHBLft. NA r -- U P~B _____13__5

SUPROUTINE UNPAKINUMPNO .IUNPKOKSAV() 00010000
OIMENION IJNPO~h)00080000

K =NUMPKP 00100000
(10 15 1:1,6 00110000

NIED =10 00 1 00130000
IUNPMO(L) =K- / hEO 00140000
IFf IU.NPK~(tLd-.0..) .KSA-V tK k L41~.. ___ O~00
K =K - NE IONPKD(L) 00160000

15 CONTINUE 00170000

END
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MEMBERk NftME A3LNK66Q
SU0kPOUIINý A3LNKIIMSI) 00020000
IMPLICIT REAL&B tA-Go0-Z)
RIALIS iIM-S
COMMON/LI IKAI/NIOTALMDRETNIAPL 00010000

-ICOMMON /LINKA/ LArCIvG), 000'40000
I X'JN0r0nx*J0A1,KNoRFTXNOREU~jINOPOPAXNOuiEE43),IXIU(3)t , 0005000

2 XN41ASVKNE1GXNMASGSCALEEVSAVE ,KKSAVL gKNSPECC 00060000
3 A SFSMRSM, OM UMUDNE, I NVFDEFL ,FLOAD tOMEGA 0010
VIMENJýION WORDS(4),NODE1(2750),-NoDEC2g25Oi,TEMPj(2750), 00070060
1 TFIMP2(27503 ,TFMP3I?150),IEMP(4), 00080000

-~2 X((.D00)tYlG00)9Z(G00)iNONF( 600) 9NT WO0 ,0)0I, 00090000
3MAP(IR5O),Kki4) I UMt 14 , 0 :0100 000
4 XK(129I22)iROW4IP50)q,8Wl412) 00110000
DIMENSION TWOR44)ISEiPt4 - - 00120000
DIMENSI ON XMiS(30DP),HMSff63 00120100
nIMfNSION X X (12 ) 00120200
PIMENSION XIP4121 0200
DIMENSION -.-.-.-- -001030

DIMENSION VOLUM(2750) 00120500
DIMENSION OPTION42) .DATAf3Q).IOP(A! - 00121000
DAtA OPti6iONIrSi,iN9ii 060121100
EOUIVALENCCE(DATAC 1) ,NONOD) 001M200

7AT WOR/414 9q11 9H 94"
NOA2-O. 0015ai 010

VOB=O.00150200
___ -S- ___ 00150300

001510000
N ON on N Orn0 00190000

MANOROP=XNOPO 002100000

NMASV=XNMASV 00220000
NC! G=KNE IG __________ ______00230000

NMAS'G=KNNASG 002400 ,00
N707ALýNORET.NOREO 00260001
NfN=NTOTAL ____00270000

----ourL:*OO~OL-O 00280000 -

DO 4629 1=194 00281000
4629 IOP(IJ=0ATA41+19) ______ ___00282000

IrcUH.EG.1) Noyr~i 00284000
CALL LOADER (SKP*21 00300000

904 FORMArI2OX,'.... MIOO[ SHAPE NO. #.12,' s-09'/)
999 FORMATIu1HO*29X*'ENERGY ANALYSIS PROGRAM'/22Xt 0 o3 10 0

1 ' ~ IA~tA r HI~l77F ~ ~ ~ 0o320066
WiRITE 46,9999) 00330000
WiRITE (69985)NONOONOSAT ,NOREINOPE~oNopRopPMAXN0ONOQELNIOIAL 00350000

go -- 0360000
985 FORMAT 49X,1SH NO. OF NODES !-169/ 91,2514 NO. OF STRUCTURAL ELEMEN0037OOOO

1 _____ ATS =16 / 9K923I4 NO. OF RETAINED DDFS =16 / 9X9 - 00380000
A;0 AtbUct -O" Os1U Mx i ib- -0.t MAtEudAL7 00390000

.3 13I4 PROPERTIES =16/ 9'K.2lH MAX. NODE No: USED 16tf / qK, ooAooorjo
4 2214 NO. OF DELETED DOFS =16 / IX920H FULL SIZE OF MATRIX 00410000

0~~~--j di oNI~ fltOutlldN-,= 16 /1', i9AH NCobr VARI tION=i&/ 9XC0420000
6 q21H4 ND. OF EIGENVECTORS=16/ 9X,20H MO. OF MASS GRDUrSzl8 00430000
7 / 9K * SCALE FACIOR=9,EIS.6)
WR1TE~fiv491S) PISPEC 0044100.0

--415FOOhMATi IOX 'NO. Or SPECIAL E-LEMENYS:'q,16
1191 Ti 16,916) FLOAOPFULFLOMEGA 00443000

4916 FORMAT(IX lOxNO# OF LOAD CASES=*,F6i.9 / lOX 'NO. OF DEFLEC7I10NS:f900444O0O

VR81TE(6,9R6) (EL1I) ,XMUI I)tl1qNDPROP) 0500

986 FORlMAT( / iPX 20H4 MATERIAL PR0PERT - ES I/1I-0KX AHMODULUS _19X .- HP OISSON0056D000
- j-- 6H PATIO(/ 6X F15.2, 15KF10.4)) 00570000

WRITC((,9967G) IOPTIONU0OP61)+1).l19 4),OPTIDNINOYE.I 00571000
9676 FOP MATf / 15X ' INPUT OPT IONS' I' I0 OXIINPU7T', 14X A4 I lDfl 'FULLK' 005720 0 0.

1i 9.. 13 A4- / -10' 'FN1 -A'L'K 1' 12 X A 4 / 101 'D-Y NAM IC A A-TiR-I'X9,4'5-- A4, -/ -0 0,5,7 30 00
2 10K *UPPER IIESSrNBER0'. 3X A4 1 00574000
WR I E (699V67 7.) ONEý OOST5coo
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9677 FORMAT I IX -EIGENVECTORS CALCULATED FOR EIGENVALUES GRIATER THAN00576000
001 F13. 6) 00611000

ICOUNT I = 00620000
IKOtNT=I) 00630000
CALL LOADER (SKPo2) - --..- 0600
WRITF(6,9041 HS

987 FORMAT (32X,14H ACTION TABLE /IX 604111-11 00690000
-~ I 3X 'NODE9, 7X *X'9_1IX,'*Y', 9X I1', aiX 'NONE',9 3X 'NThIO# 00700000

~J~ U!(6,R7)001720000
LOG~ CONTINUE 00720100

~JJr 10600
Do 1 1 ti,NoNoo 00710000
READ (5,800) NODLgX(NOOE),YINODE),ZINOEI~ttNONE(NODE),NTWO(NODEI, 00760000

JvCAS to.1) Go TO 687-- 00791000
IFl !COINT.NE*5I) GO TO 9 00800000
CALL_ LOADER, (SKP,21 _____ 0081000.0

WRITE (6g'R?73 00820000
7 C 0IINT I_____________ z__ 0083 0 000

9i 1COU0=-ICDUNl'l 0084i000
800 FOPMAT (1393L10.0921394A 6) 00850000

WRITE16,919fl)NQQEq,1,(NO0E).t1NOE),ZIND3N 0 NAl9D3N D(0E)
1(DUM(IJ1).Ijk1l*4) 00870000

99A FORMAT41 NM1 3,I4,2X,3F11.4v3X~I133XqI3,2X,4A6I
68? CALL_ UNPACK(NONE(NODE.),.wNTUOENOOE),KK) - .00920000 -

001O 760L 1 ~16 006oq 00bo
MAP(JJ)rNODE 00970000
JJ=JJ~i____ 00980000

70 CONTINUE 01050000

DO 50 1=1*300 noo_____ 01050200

56- 5o 0 1050 22 0
30 R!EAfl(I1.END=90)NODE gIL, (HS41IhI.1,6) 01050240

IF( LL.N[.MS)GO 100 0 1050 2A2
M=fa.NODE 01050246
00 70 KrI93 010502149

___ XMS(M-3+K)=IIMS( K) ________01050250 A

70 XMStM-G*K)-HMS(I(43 01050252
GO T0 3P 01050270

90 CONTINUE 01050272
CA ýLL Co ADFER (kP,) - -- §- -- 01200000
URIT1E6,904) MS

989 FOP.MAT(IX R0(1H-)/ 18X*'MAPO// (3X916141) 012300D0
-NOW =NON On*6 O200

- 'ýi ltf~ýA§ iRP4 it ii,00-0-12408000
911 FORMAT (IX OfloIll-)) 01250000

WRITE 16,911) ___ ___ ________ 01260000
150 1F(ASEQIo.) 00 tO 6688 -0310

CALL LOADER(FLIP92) 01320000I
WRItE (6,99o4 PS.......___. -..... .

CAB8 Pl/XiAL=0 01340000
NSK IN=0 01350000
NBE AM=O - ---.- 01360000

*~6066C -A~OA. E -- 01--00

1=0 0138410o
*.00 11 _INDEX=19NAP 0-- .. . .. 13 8 5000

IFf!NDEFX.H-.W4SPEC) GO TO 9065ý 01386000
DD 20 LS=1,4 01386100

__ ___ _____01389000
toza o01388000

_ 8AD(5950551_N7YPLNIIL.N2,LN3,LN4,MC9qSEMP(L)g,=I1,) 01A90
ý0sto5 v PRAT ( 5 -1 Ult0 .0 ) 01389010

IJRITE(692371) NTYPt LN1,LN2,LN3,LNAMC, SEMP(L),L=1 g4l 013A9020

2.571 F~ORAT4 IX 80(NH-) /21X 'SPECIAL ELEMENT' 0 TYPE =,I414 _ 01389030

2 'PROPERPTIES =',124 4t 4949 1.14.53) 01389050
1F(N7YP.NE.5) 00OTO 3035 .. -..----.-.--. *.--01389100
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781 Nl=LNI U1389200
N2=LN2 01389300

1r(Nm.FO.) -GO 05 01389500
PITYPE=2 01389600
TEMP( 1V=SFI¶Pt* _____-___) 0 1389700
1(TMP(2):0. 01389800
IEMP(3)=O. 111389900
NM~x I _ _O _________________________ 015.89 9 10

GO TO777101389920
5631 NTYPE=4 01389930

00 6181 J=193 _ .01______9913 9 40
4181 TEM P id i'=CMP J i 01389950

NM=O 013R9960
60 TO 7777 _____01369970

3035IF(T'VPNE.) ocTo o~s01390000
881 lF(MO.Gt.2) GO T0 3611 01391000

NTYPE=-3 ____0192

03=LN4 01393000
00 4212 J=193 '1394000

-621.2 7[MP(J)=SEMP(11____ ___ 0350
iFIM.EO.) 6 10 71100396006

tll1 L NI 01397000

- P902 01399000
GO TO 7777 01399100

3111 N1=LN2 01399200
FJ2~LN3 D199300

P90:3 01399400

01399600
N3=0 01399700
TFE4P(2)20. 01399800
ltmP9P3 )=0 __ 01399900

tJ1=LN10 1399920
___N2=LN? ____ ___01399930

MO=A 01399950
Go TO 7777 0 1399960

..- ' 13,99970~
J2=L N 4 01399980
71MP I )=SEMP(3) ___ 01399990

G0 10 7777 01401000
1405 WRITE(697227) 01402000

CALL EXIT 01404000
9065 READI'3,A01) NTYPCN1,N2qN3,NC*(TEMP 4J)vJZI,31_',(WOROS(J2),42=1,4I-0-1408I000-

so TO 8777 01411000
7777 NOSAY=NOSAT.1 0151100P--

IFtNTYPE.EO.O) NIYPE=3 01520000
IF- (MC___________ 01530000

IF(( IPUNE 108*TEMP U2T1Ifc-.o oil GO 10 190 0iic 550000
TEMP(2)=TFMPfiI 01560000
TEMP(3)=TEMP(1) 0 1570 000
CONTINUE...........- .-.- 01580000
IF IJTYP.-NE.21 GO TO 101 01620000
IF(AS.Ege.1. GO To 6e ________ 01651000

WRTE (6,992 NINM;EMP 41 tWOR DSiJp W- 1** 0166 0000
992 FORMAT tl*8011H-3/2lX1*H AXIAL ELtMtNY/2X3HNl14t*2X3HN2=I*,2X9 01670000

I-----1*HtfAIERIALC00L212,2X,__5HAEA:A=E12.5,2X,*A6 10680000
681NAXAL:AXIL.101690000-

NOnr1* I)=NI .10041.NTIPE*MC 0170000a
.NODt2(Dz1N2*.1000N3 _____________ ___ 01710000

T(P1i1TE0i 0172000 0
TCMP2t I)=TEMiP(2) 01730O00
TEMP3(I1)=TEMP43) _______01740009
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CIO 10 10 oi buuuu
101 IF (NTYPE*NE.3) GO TO 102 0700
------ IF(AS.-FQ.1.) GO TO 68 -2 -~___ ____ 01801000

993 FORMAT (1X 900d11-)/24X 25H TRIANGULAR SKIN ELEMEN4T I01820000

WR~IiTE lfi994) NlN93v~tT!P%!ýJIA9VRSJv:14 01830000
ý99 FORMAT i 2X, SHNI=i1A, 2X9 01840000

I 3I4N2=It,2X, 3)N3:IA.2X,1A4HMATERIAL CO0E=12 ,2X,3HZS=F7.A.2X,01850O00

2 3I±TX=F?.b/2X 3I4TY=F7.f~i 2X 4AG 0186.0 8~ 0000
682 NSKINrNSKIN+1 01870000

TJOD[2f1)?N2*1090+N3 - **-.01900000

7EMiPIC I )=EMP4 1) 01910000
TEP2 C )=IC ?P42 ) 01920000

JlA1L~fIF=YEMP3) .01930000

OTO10 o1940000

102 IF (NTYPE.NE.4) GO TO 103 01960000
IF(AS.E0.1.3 GOJ TO 683- 0199-000

..--.-----. -- - -- 02000000

995 FOPMlAT (1X 80UH1)4- 21X 14H BEAM ELEMENT 302010000
954 FORMAT ( 2X, 3HNI=IA, 2X9 0202000o

1- ..- -3HN2.=I4 q2X,3HN3:IA,p2X,1414MATERIAL C00t=12,2X,3HlY=El2.5,2XK0O3000Ooj
2 93HJX=EI2.'5l2X3HAIW:Ei2E,', 2Ký 4AA( 02040000

WJRI TE (69954) TJIsN2vN3qMC,(TEMP(.J)vJli,31 ,(WORDS(L) ,LIA 0205000o
683 1N8rAM=NHEAM.1 ____0-- 2060000

--- NO 6F1CiI )'=N1 6 K0.TYC.C 02070000
NOOE2( I JN2h10004N3 02080000
7EliPl( I )!EMPt I) -. 02090000
TEMP(ip:fr~pi2) 02100000
TEMP3 (1) TEMP( 3) 02110000

10 3 CON.TINUE 0 2170 000
10 IF(INOEX.GT*NSPEC) GO TOl11 02180000

IFCNM.UJ.1) G0 TO 781 02181000
IF(MO.fJE.0) GO TO 881 - . - __0120

i Y CO60iNUE- 02183000
YR'ITE (6,011) 02190000
NTOT=NAxIAL4NSK IN+NIAEAM____2000

~R11 469?t NTONAIALNSKINTEAM02300000
977 FORMAT (9X,37f) TOTAL NUMIBER OF STMUCTURAL ELEMENTS 1619X# 02310000

I 23)4 NO. OF AXIAL ELEMENTS 16 igx, 02320000
2 ~ 23 tO. 'OF SKIN E0E-MENTS-1649*, '02530000L

3 23H4 NO. OF BEAM ELEMENTS 16/) 02340000

CALL LOADER (SNP,2) ____02510100

00 42 J 100,NSAT -02520000
NJ1=P'DE~fJ)/100 _ __02540000

N2Z:NIODE2 iJ)/1060 02550000
N3zNO OF 2C .1-1000 N 2 02560000

IO Nol ~1________________ 02570000
--hiYPCý NO0 1 61-1nN11/0050000-

45 MCtN~oElFlJ)-100*NO1-1O*NTYPE 02760000
LEIE (MC) _____ ___02710000

IEMP(1)~XM(MC)02780000
IF (NiYPE.E0.2) TEMP(1)=YEMP1(.J) 02790000
7EMP(2)=TEMPIIJI __________________ _ 0 2800U000

-a'~~~~~ TEP3~EP()-2810000

TUMP('.)=TEMP3(J) 0 2820 0'00
00 76 N=1912 02828001

16 Kx(N)z0. -02828016

DO 7 M=1NOW02828020
IF(MAP(M).E0.Nl)G0 TO 74 ____ 2____ _ 02828030

7ý1 CONT INIE 6~ 282e040
74 DO 73 N=193 02828050

KX(fN)=KMs(M.N-1I) 02828060
IFf NT YPE.rC0.)AIKN.3i =XA§ 04-N*N. 02828070

73 CONTINUE 02A28080
DO B9 P=IvNOW ________02828090

IF( 1AP(M).O.N26)0 k TO 81 o829biO
o9 CONTINUE 02829020
81 00 82 N=496 02A29030
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IF INY YPCFQ.4 )AGO 10 7?02829011
XXtN):XMS(M.N-A I 02829035
GO TO 82 __ 021329035

? xINA ms4MN-4) 02829037
XX (N#6) =XM5 (8.8-1) 02829039

82CONTINUL 02829040
19~iNlYPEAE.S)CO3 t0 RA4- 02829041
00 RE, M=19NOW 0213 9 Off3

A6 CONTINUE 02829U47
VA no H0MlN7, 028290§9

87 xX(N)=xPMSIM+N.-f 02829050
s* CON71NUF ___- 02829052

7 j -v A AA' 0 H6- 9 ýti 4.- 02029056
900 FORFATlIH~v7t8I 02860200

-- CALL SETUP(INTYP!,NlN2,N3,ETEMPXY,2.NONEv NTUOsX BKqI 1VO ___ 02870000
I- (NYP.E_ CALL RESORiT ~kIk) 028R0000

94 FORIAAT( 1104,E,14.7) 02880200
D0 9(, K=1912 _______02880300

00% 96 =;92 02880500

X~f'(L.XI(1)hXEI)02A60520
V0 97 1=?,12 028RO530

97 XIO (II=XAP(1I.*XX( I)*XIP( I-i) 0288054*0

IF(PTYPC.NE*2)G0 TO 300 02880542
WRITE.(6v992JN1,82.MCTEMP41)----- 028805'44
VoA 0V.V 2,880546
VOLUM( J)=V0 o?88o5l#7
G0 TO 302 ___ 02A8BO49

WRI TL16,995) 02880552
--__WHITE(6,954)N1 82,N3,MC,(TEMP(NJ ,N:2,4) -02880553

______ 140 __ __ __ ___ + - _ 2 6 !5

VOLUMI JI VO 0288055?
GOf 10 302 __ _____ ___02390559

301 WRITE69) 02880569
WRITE(6.994)N1 1 N2,N3,MC,( TEHPtNI.N=2,4) 02880561
Vus=VQvo~OS__ 02880562

302 CON&TINUE 02880510
___R ITE (61,901 X IF 121V 02880572

901 FORMATOIM ,10X.$RAIN ENERGY --*,CI5.?,3Y,'VDLUME 09EIS.7) 0807

902 FOR!'ATC1H 4 1OX9.'TOTAL VOLUMiE ',t1!S.7/Ild
1' TO TAL_ AX IALVOLUME #E 15 *7/4~ A IX2807
2'T07AL nfEAM VOLUME = 'E15.7f1_iXOT0TAL SKIN VOLUME *qE15 .7) 0288057c

42 CON71NVE 03250000

TS( =TS[ #XCON (N)I

WRITE(R) SYOvNOOZI" (N),NOOE24N)frrP1,,(N),T[MP2(JITYEMP34NI
17_CONTINUE------------___ -

-al WR i it(693 TSCE
903 FORPIATO//ir 91OX99TITAL STRAIN ENERGY -t qE15^7?

WR ITE(R) SgN,NSr¶..'S
M0l,!TINOSAT-1 03501

113 1 =N+ 032.50110n

r') 12 1IP19NOSAT 0321!o120I
h-(XCONI'._LE.XCONlK)GO0 TO ---------- -, 2 3'03
SORT=XCONd(N) V700
XCON4(N) 7X ON (K) Q)i25015uj
XCON(K) :t0RT 0325025P

LOR T=VOlUf( N) 0325015q

VOLUN I X0 :zSnR T 4C1~3250156



NOCP 1::NO!ýt I t N) 032503161
N~tli (NI NflDEIlK)0325016~2

NO tlf Itl f ) ýiOlt T 0325016.5
~tPOR T::NmA h l. i) 032501I64
NONE 2 (")=NOlE2 (K) 03250165

-. NC)I5(ý(1NORT .-- 03250 l66
s k0 i F 1 , I t- i I(NJ (13250 170
I F MPI f l =I ~f H PI 14 ) 03250111

- 11 1... __IIK )4 m.t Of T. ---- ... **03250172

mO1YIp,?(N) 0 3250 17 3
TEMP2(NlT[I EF'2tft 03250174
TE11P KI'2 =S OR 03250175
SOR 7 = F.MP.( N) 03250176
'r(MP.t N)=TEMP34 MI 03250177
IF: F'53( K ) =SOR T - - 03250178

FIEUINO 9
WRIlEIO) TYOLVWOAqVOB9VOS9NOSAT9MS

WR1 TF(9) OI IONET 1) I =i,NDSAT)
WR I TE 9) ( NODEU( I ) 1= :1NOSAT)

u kj ft 'T11 b b E 2 C) ci ,izN~OSAt
WRITiE(q) IEP I I1NS
)JRITL(9) (t~F2I)i 1NST
WRAi1tEc§0) (rf.API311) i =1 NOSA It
RE11R (IN
ENTRY A3LNMX

REWIND 9

REAnE 9) TVOL i VO AqV0flVOSvtO!ATOHS

REArl(9) (XCN( DlllI=sIsNOSAr)
RE ib(i iii V(OLIJ2i I 1 T1 =INOtAfl-
RE AD fi -(1 71C'NEI (I )I II1 oNOSAI')

REPOl(S (TEMP2(I) ,I=lwNOSAT) ____

TVOLrVOA4 VOIS03 18
WR I TU 602 TV0171 V-O.A4V O. -- - - - -3250 181
hD 13 ML-1s?2 03250182
CALL LOA*011 (SKP92) 0.3.25 18q
WRITF(69904) MS -- ~
NrNOSAT --NL :1 032.501903
IF(14L.,EQ.2) f(FADER) STD,NOOEIiN)_,NODE2(NkUTMPI(N),TEMP2(N).

N1~0II?1 N)/100 0201
- . N2=NQOEŽ (P'/1000 03250220

*PN~l-.~ii~-N632502440
NOI =01 03250250
NTYPFEz(NOflE1(t)-I00*NO1)/I0 03250260~

[=[fFIMC) C325(42B0
TErmr( I )=Xt'iJ)(MC) 0 3250!2901
I11(rJTIP1.fi.O.21TEMPl1)=TEMPI(N) 0 525r,-.ýO0

* TEMP (2)= 1wI'liP ( r) 032130
71:001 3)=rM'P2M.' 03125c 320

I[MP4)=I--MP(N)032503,30
IF ( N'TYP(M .N-2)6(10 TO 0!20,
WRI 1146,992)N91,2,MCEMP(1) 03251) 550
IFlML.tLQ.2)WPI1Fq6iO0D3)STD '2Vt5

1603 FOSRMAJIi ( 25X, *!'RA N DENSlIT iEifj.-7)................0 32 50 15 3
IF ( OL. FO.2 )G 60 11 0 325A l35-4
V6APTxVO1JM( N)/TVOL -- . ..-- 0 3.250 ýN9
VbIAA=VLUMkiNV6A' '' - ' -- 0 3 250. ;5i',
WRI1TE(6,10021XC01J(N),voAAyOVAT 1132 50 ý11 ?

100.2 FORMAT~lH #25W.STRAIN ENERGY 99El5.7913XI 5 ? 5 031 r
IifiL . VOL. / GROUO Vbt. =E'ý.Lji., ,LL. VEIL. Vfb if. VOL.:."l'

GO T0O1 03 ; s 36D

"I IF(H7Yl~f.NE.`t)c, TO lb.. (207
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URI ~03250370
_t_ 2 dSTD 03250361

_ _ _ _ _ _0 3 2 5 0 3 8 3
VOAT:VOLUM(N)/T VOL 

('32503a5

URO Ti (69 0325039?

0 632 50392

IF( W'.O2 RI TE(69 100 aOST 0tFI32VI4011rf?-~pýýl.CO.25Xt'STAI DE NSITY '1 ,E14*7) 03250402

B03250403VoAlS:VOLUMINP)/TVOL 
3500WRI ~03250405

1005 F0RMAThIHe,25X0STRAIN rNERtGy lo'E15.7443X4
1 L. VO)L. / GROUP VOL. :em . X ' L. V L / T T L O . ', 1 . )0 2 o 0

500 RETURN 03250430
- - ----- ___ ____0372000o

MEMBER NAP. ~ - -- ---------.--. ISL-IROUTINE BEAM (X 1 Yl Z 4Z~X2,Y2,Z2 9X3#Y3,Z39EqlcMU9 YI ,X.J*AUtAlsV~l 00020 000Im~PLICtt REAL48 (A-Vigo-z)nIMINSION BM..........0 9)s ) 003000o00CUPLF PRFCISION L1,I1,j1,Mtj
SGRT(X OSORT(X4ý

fqu~ymu00070000

001200000

00 180 u0O
712-'71-722oiloo

X13=X1-X 0_00
22 .3=ZI-Y 3z03:42./s.) 

0021000 0I1 ý3. 00220000

.JI XJ 
0 0 360 00 00

SL=!rPT(Xl2*42+Y12**24Zl2,'2) 
00300000

ý; A 0. 
003110000

SA: 12. . 'S 00312000
mo r~i6.*r. l)1SL*4.3*( 1,..3A)) 00330000

I00 6 1 --1.6 
003900001l'K(TJ)=0.0 
00400000

___ CONTINVE -....-- . . . ._ ___00410000

fIK(1,1 ~2.. 
___00420000PK (3,) :-ZL 00 I)30)00

- X(,)2.F 
____ 00450000H3K (29?) zG*J I/SL 

00410000

fDM4 43)ZSL-F 
00510000

flK(65q5U1GJISL44.41..A? 
_____O005 oo0
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00610000
D0 8J 1 ,6 00620000

8 A I J) =PK J00630000
X21I X 2-XI 006900O0

- Y21=Y2-Y1 00700000
-- 21Z 221 -- - -Z---- -.- 007109)00
034=SORTq X21*e2*Y21' '2*121**2) 00730000
3403=3421/Ox 0074O00DO

FZRX=Z21/DX 00750000

00 100 J_=103 00760000

fl(292)tY2 0082000b

D43,3)7Y3 00870000

0(1*.1 ,:3 0086t0000
t0(2193)=7 00850000

CA0 L 0(1 (0,41 00920000

r nO 102 1J =193 01000000
102 0(J93)=1. ..---01030000

041.42)=Y 01000
0(292) :Y2 01040000
043,2) :3___ ___ __ 01050000-

CAOl. OT(~iOoo
P30:500T(.A**24+fi'.24CA*2) 01090000
349Y A/13D 01100000

*A i =P/An --- Ollloooo
ZBY=C/BD 01120000
XflZ:(YBX*ZBY)-(Y13Y*ZB3) ____ ___ ____01140000

ZRZ=(4BX&YIIYI-(344Y*YBXI 01160000
On 9 1 =196 01180000

lii DM4 (1 .J10.0 01200000
9 CONJTINUE ~ -__________ ___ 01210000

OM( 1, i:XBZ01230000
OME 41*2) :YRZ 01240000

-- OME(,3)=7aZ012790000
OME (4,5):3441 01280000

O~r ( .5)=YO?01290000

OME(297)=XUX401100
OmC(3,ol):XY4 01320000

OME(,7)XY .01320000

(OME(2.81 !41X ________01330000

oxMF(319)=ZBY0 013560 00 0

OML(5,Ir,)zxpl3 01380000
OML45v11l:YB34 01390000
PMIFI S 112) Z03 DX 01400000

kF ý =-i i - - 01420 000
OME (6,11 )--YFY 01430000

OM[_(_1??-ZR 01440000

DO .5 1 =1,96 01870000
00 3 ~J =J912 014A0000

lrMP(I ,J=0.001190000
00 ~ I :1,601510000

3 TEMP( iJI:IEMP( 1,J).1(I,M)b0Pl((KJ) 01520000
on xi =t~i~01580000
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CIO 11 J =1*12 01550000
(1P1AtIJ~0.001560000

13DO 13K I o 01510000

IF (AF0Sf0MATfI1J)).GT**l) 60 TOi11 01600000
BMA7( I *J)=D.O*0 01610000

11 CONTINUE ---- - - - -- 01620000

.ND 01650000

SUBROUTINE VEI 4DANS) 000201000I
1'mPLICIT REAL*Fi (A-Meo-Z) ______

0!NST i~.3)00070000

RETURN 00100000
END -00110000

SURROUTINt' LOAUEP (ARRAY tMODC)
IPPIICIT PCAL*IT (A-HvO-SU-Z)
DIMrtJ~i 6WC ARD 5) 0 1 ILE(19 i;Ak'kAYi fi
GO TOT 10092O00 ,MODE

100 PEAr'(5,101) NSU,tit0OPCiCARD

IF I MSUM *LE %O0 GO 10 303
IFTNOPC.LE.91 CO TO 303j

lOFT IF(Nopc-k)102,1 11p112
109 010 110 JCAltD=INOPC ____

110 APRAYIJARRAY) =CAR04JCARD)
GO TO 100

103 PORPMAT( 16qI7A4A2)
IU 4 NPAGE =0

GO TO 100
111 RETURN
112 STOP

'.IRTE(6,201) ITJI7Lt (J)vN=2q 91)qNPAGE
201 FORMAT(1H1,1TA~tA2j6H- PAGE ,I3,./1)

303 VIIRTE(6,3O4)NSUBNOPC9CAR0
3o4 rORMA1419tf INVALIIJDATA CARD ,144dl,5E1*.71
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Imr'tIC17 REAL*'A IA-Hoo-Z)

COMON/L INA L AP(ib 1) *XtJOP4O`D ~ if-kb I, XDAbx*Opop -Axp0j------ ho .*tEI3~,XMUI3P,oXNM.ASVXNE1GXNNASG.SCAL(,EVSAVEXKSAVEXNSPEC,
*AS, F SM I R SM, DMU H, NONE s 0 IN VFOEFL 9FL OAD, OMECGA
COMMON/L IN MA/NifliAL NbOtt9Ti-P-E- -
(0IJIVALCN(CE IOATA(1)qXNONOOO

500 CALL LOADERIDAYA9l)

Rr.AI'(2*2000 )(MSS(II 0 ItifNMS)
00 600 1ItNMS

REWIND 11

CALL A3LNKI(MS?
CALL SORTSO
CALL A3LNK2
RFWJND 5

600 C04TINUt

1000 FORMAT(15)__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _

NAr............... -6....-

SUO4ROI)TIr, RESORT lX8K) 00020000
IMPLICIT RtAL*R (A-FIO-Z)
nimtJsiflN i8ki I2ti2 ittxt( ire Ui -0000I0010

Vo 10006~00 i00

(XT(~,)~I. _ooloonoo
LXT C6~):1,00160000

00170000

00190000 '
IX(5~l,00=1. 002400000

EK~qi,1,~1.00210000
IMT(12,1)=I * 00230000
no 20 1 r=i,! 001O0000
6x 0J l' 1 i..-- 6.. -_ __ 6 :-"1.--.- . . . 00180000ET(P(IJI)I.0 00190000

0030 1 " k=!__ __ _ __ __ _ 00270000

00 30 =192112 002300000

ai 0 20K 1,=I,2 003260000
30 K0f M( 19 )TM J )*qJ. EXYI I K)3ACK~t~J,) 003270000-

DO UR ____ 30_______ J___ ______ 003~00000

E ND .-- o______



--I PIEf~hO NAAL SOTUP6B9 -

SUPROUTINF ETU sr NTYPE ,NIN2,N3,t,1EPXYZ,?4NC,~NIWOX8KIZYDO)000000
imrLICIT REAL68 (A-HO-Z)
nIMrNSION XftK(I2tI2)9XI300T9ic ),(30),Zi.300 ,N0NwkiqiNIWO(4i,1PIP(00040000

4) 00050000
D0 166, I =1,*12 __ 08060900
c- - i 00 ii6 J i, 00070000

166 XBK(tJ)=O.0 000h0000
IF1N7YPE..NE.2) 60 10 24 001 10000
CALL SIRINd ~N ~1i,11,14)YP24N)EEIli,~,0010O

- - 17 00140000
no0 TO 30 __ 00150000

24- !FibYEd73GT2 -- . 10 180000-
6~/(.*14TMP1)30019 0 000

CALL SKItN lX(lN)aYINl).2(N1),X(M2IYINJ.2(P122,oX4N3),pY(N3),Z(N31,_00200000
.- _ " , bil ý qJMFQ3il~0'i) EP. I i O V6 __'_002 10 000

17=q0023(0000
Go TO 30 ____ _______02ý0000

CALL REAM (XINli )Y(Nli)ZINI),X4N2).V(N?),ZIN?),XENSI,1t43),ZIN3), 00280000
[,TEMP(I__,EMPI2),TCMP413),tEMP'l1,A$KV0) 0029(0000

IZ=I1l 00300000
GO 10 30 00310000

26 IJRITE t6,103 ______ ___0300

WIOPORMi79X,35HINT`VPE NO. IN COLUMN 4 IS NOY 2930R4 I00340000
.30 CONliNur 00360000

RFTURN 00410000
END 00424000

MEMBER NAFIA SV1N689
SUrPROUTINE SKIN (X1,Y1,Z1 ,X2,Y2,Z2.X3,13,Z3,E,0,1STX, T1,XMUv 00010000

4 TA19VO) 0000
IMPLIC17 PE.AL&H (A-HiO-Z)
OOUT'Lr P8FCISION MU
SOR I (3 X DSQR Ti XI ___

ABSfX3=0AFS(X)
01M[N4SION TrIA1112,123,013,3),0mEt19.9)PMI6,63 ,TLMP(6,9),PX319),x16)00050000

nD;='ORTq(X2-Xli*t?.EY2-Y1)**2.EZ2-Z1)'.2)------------------
cOSyBx=l x2-XI)I00D 00120000
C0SYRY=YV2-'rl/)f0 _____00130000
coSZnx(Z-1)D 00140000

1=1 00160000
Wro 5 j =1,3 00170000

5 DIJl)1.00180000
n~l ,)~Y100200000

f)(292)=Y2 _ _0200

0(3,237300220000
O(1 ,33Z71 00230000

_______. ..~ ... .... ... .00240000
1)15,3:2500250009

CALL OCT (DvAl) 002?0000
o0l g1)=E1 ____ -.-.-..-- - 00300000

0(2, )X200310000
015 *I) X300320000

Ofl 6: 1,300350000
6 0(JIJ,1 1. 00360000

.- CALL.OCT 1D098 _____038 0
1=3 004106000
00 I J =1,0 00420000

0(29.21=Y2 00460000
0)(12,21=Y2 00470000
1.2 Y-b 3 ___________ _____ 004710000-

r.1:SORT(Al#*2.fl.,2,C#*2b 00530000
C0SXlZ=A1/G1 00540000
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~0S~fl~I3?0 - 0550000
COSZ6:C~G100560000

COSYflY=C0SYIZ' COSZRX-COSYBX.COSZBZ ____________ 00590000
--z 9 pIZ0ohI ts 460ot U M9 -oo o 0
COSZOV :COSKBz.COSYOM-COSXBX.COSYAZ 00610000

00 8 1 =1.6 ____00670000

to. --. 00680000
9 OmFI(J)=o.0 00690000
8 CONTINUE _______ 00700000

b0120606
OMEI192)=COSYRX 00730000 I
OMF (I 93)=COSZrlX 00740000

-- 0((2IJ~fl~XY - -~ - ~00760000
OME(2*?P:COSVPY 00770000
0Mt(2v3)=COSZSY --- __ ___00760000

emu (3.5) ~C0SyBE 00810000
OM( (5.6) :COSZOX 00A20000

G0630000

omt (qo5)'=COSYFI 00840000
omr4(6, )=cos~zpy 00850000
OMII(5,7) :COSXBX 00810000
OMF (5. A) 'COSYRX 00680000
OMr(5*9)=COSZBX 00890000
OMC(6i7)=COSXBY ___00910000

oMr(r,,8)=cOSYRY .00920000

OME (699)=C0SZBY 00930000
XX (1) :K 009710DOO
YXX(P) '1 009AR)0D00
xx( SVZI1 00990000
XX(A):x2 -01000000

XX Yc) 2 61810000
XX ()=7 010000
XXtl)=XS - 010.50000

XXI8PY.5 .01040000

XX (0 '7301050000

00) 10 1 =1,6 01070fl00

flO 70 J = 199 oiD90000
70 X(J)=X(jI4OME(,jj) AXX(J) __ 01100000

X1?:~t)~t3 . ---.- - 01110000
X15:x4 1)-XIS) 0o 120000

_____ X21 ~X 12 ____ _____01150000

Y23=Xit)-X(5) 01)40000-
X3 1:-XI3 01:50000

- 3P'X45)-X(3) ...01160000

Y115M42)-Y(6) 0116D0000
Y2l=-Y12 !___ __________________ 190000

Y23=K44)-x46; 01210000
Y32 '-Y23 _____ __01220000

A=.n*(XP1'Y3J-Y2I*X3I) 01250000
G0'ATS'/4A)________ ___ __ 01270000

theS 1600
r,~MU -01290000

(;Y=D. 01300000
__ F'4TY.EQ.0.)_ 6O TO 105ý __ __ 015310 000

r~y:U. 1/lI01320000

105 IF4TX.LT.TY) GO 10 50 013406000
ox: f._____0300

1~Xr.0)61200 0137u000
EX=l1U*tVIIX .01360000

200 GzI Y* = M. 1) . .----.. . .0 1390 0 00
50 tlv (0,ITINI 0 14 j0 000

171zTY.t/44. *A4() .-GX4GY)) 01430fl00

r p ) 014140000

P :(q1=Y3vXA?o().Y.GY+GGb 01170000
0MX(.39)=tX'Yl1kY234G0*X13*X32 01660000
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IK* ii*CV GY. I A*Y 23#40&*iY S 31 82 190000
FtK(5,1l)=EX:Y12*Y23*GO*X2l6X3; 01500000
14KE6,i1):FYGY.X21.Y23,G0.Y12.X32 01510000

6K(f 59)=EX a GX#Y51X32*GOAX13.Y23 01540000

I'Kt5,2:r 'GXY 12X32G0'21 Y2301560000
IPK(F,2)=fY*X21.X3?,G0.T12.Y23 01570000
AK(3t31:EX*Y3I6*2*G00XI 3**Z 0 1590000

1?K ( *.3 ) = [V .GY .X 13 ' 3 1 * G O 13 1 'X 13 ..-.0 16 0 0 001]PKi59,i)=EX-YI2.Yi3.G0.X?1.Xj37 01610000PK(6,33:Uyr~Yisx2I.131.004y12.813 01620000

-- 01650000

RKI( 6,* ) :(V. 21 .813.GO.Y l?'31 01660000
(41(r.5)=0*(Y12**2*GO6X2I-2 01680000
P(F.,*0=X21 'Yl2 'IEr GY*G03 -01690000
9WA6)--rY*X21**2+GO*YI2#*2 01730000
OfI) 100 1 =1,6 0700
00 00J 1, 01740000

t00 SK81 1j3:LP8(J.I3 01150000

0 0 1 0 1 z 1 6- - . . . . . ~ . . . . 0 1 7 6 0 0 0 0Inotoj 9g 01770000
7E 31:0.0O. 01780000

Do0 10 K =1,6 01790000

DO0 11 1 =1,9 01930000
7lijioO___ 01850000

D0 3 K =1,6 01860000
.3TaA I ( IJ) =TIAT( 1, J) +0E (K9 I ITEMP(K1d)0_000

____ _ ___ 01890000

114A?(I.J):0.0 01900000
.11.CONYINfUL.--------____ -.-.--- --.- 11h
* RETURN 01920000

END( 01930000

SUAROUTINE SOR7SO 00010000
IMPLICIT !lCAL&S (A-H,0l-Z)

I TEMP242750)9TE11P32750) 00050000

(3 - -.-- -.----- - 00070000
J0 RrAols) STD(N),NOOEI(N) .NODE2(N),TLKIP1INITcflP2(NoTEMPp3(3) 00080000

l(Ot(flJ.EO.0, GO TO 15 -- ___ -- 00100000
8:34 I - - _____ - - 00110000

6O TO 10 00120000
-15 p4:8-1 ________________ 0013 0000

20 =N-1 0100
DO 30 L=14M 00150000

= L 00160000Sý71 003170000
e F(STD(L).GE.STD(K)) 00 TO 30 001800000

SOIIT:ST0(L) ___ .. . .- ___ 00190000
STOI):sT(8100200000

STO(K):SORT 002100D0
NORT7:NODEIIL) 0 _ 02 20 0 0

00230000
No0t(1 (Ih:340T 002*00110

-NOR T=__E2_L 002 50000
NoflE2(L 002000000
NOf~t2(X)=NORT 00270000
! .OR 7=TEMPIhL ( L ----. ___ _ )_ 00800
TEMIW (L)=TEPiP(i__ 00290000
TtMPI (K)t:SORT 00500000

509 S1qTTEMP2 (L) ________ __________~.~~ 00310000
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IEMP2(ti:TEMP2(K) 00320000
TEMP2(K):SORT 00330000

-~SOR!T=TtP3(L) - _00340000~

TEMP3(K)=SORT 00360000
-3.0- CONTI NLr _____ ______00400000

RE~I4O 800110000
DO 60 L=lN 00420000

-_WRITEWe STDtL)vNOD~l(L)qNO0E2lL) oTEMPI(L)9TEMP2(L)vTEMP3(L) 00430000

RETURN 00460000
END ________________ ___________00470000

SUJBROUTINE STRING (X1.Y1,Zl9X29Y2,Z?9EoAqSMAToV0) 0ooioo0o
IMPLICIT REAL'Al IA-Ii,0-Z)_____

DIMENSION SMAll 12112) 00050000
____L~fOS0T((X2-Xl)*2*?(Y2-Y1)*.24(Z2-ZI)**2)

VO:A. 000800000
LAMmIX2-X1)/L 00090000
MU (Y2-T ) /1 0000
NU-=(2-I/ 00110000
SMAT (191 )=LAM~ 42 00130000
SMAI(292)=MU.2 _______ _____ 00140000

SMATi',J :N.'200150000
sMAlt4,4)=sUATfII) 00160000
SMA 1 (595) =SHAY ( 292 _ 0100
SMAOT(ý 6,6)7ý-SM iAT i --,-- 00180000
SMAll 1,2)=MU&LAM 00200000

___SMAT(I,3)=NU*LAM ______00210000

SNAT(1,5)=- (MUoLAN) 00230000
SMAl C 1.)=- (NU'LAM) ___00240000

-- -. 00250000

SMAI12,4) :-LAM. MU 00260000
SMATf2v5)=-(MU)**2 _____________ __00270000

SMAY(2,6 :-PU.MU002A00060
SMA7l 3, )=-LAM*'MU 00300000
SMAY(395)=-4Usf4U _____________ _____00310000

SNT36:ENU) "200320000
SMAt (4.5) :MU&LAM 00340000
SMAT(496)=LAM*NU _00350000

SMA(5,):M*NU00370000-
00 100 1=1,6 00390000
D0 100 .J=196 ______ _________00400000

100 SMAT iJii !-MATii -lJ) 00410000
Do M0 1=1, 4 00420000
00 105 J1:6 ________________ ___ 00430000
tC mfATO I ,j)= A*E) iL*SMATKIJ) 00440000
RETIUR N 00500000
END _________00510000

SUAROUTINE UNPACK (NONENTWOvKK) 00010000
IMPLICIT RrAL68 4A-H*O-Z)--- - --------- - - -0000

VOI2)=NSONE-O*K 1 0K06000

XK4 () :1ION/1 00 00050000

KK(5;):(NTU0-100.KK44))/10 00090000

RETURN 00110000
END ______________00120000
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APPENDIX I

LISTING OF PROGRAM TO IDENTIFY AREAS OF
HIGH STRAIN ENERGY DENSITY FOR

HOUSINGS (S-83)

N4~i. NA M ~- F!PVLAT? ___ __

C MiMbrRHlAML S83PLAT2 -- ___- __ ~ OV00000O
FrAL*eP tirAfR(A), ,EST 06000020

----- 1F A L R TV% FFqEfit)9T YM 81. ARK 9.XMDE 60 0 00 0050
RlEAL A TIMHE-00Q~
CO P.MON /NoulU/1u/IOT 00000050

CMMON / STSA 9T / 12 0D(2 0 0)DouN( 600).SESi1 000000oo0
D~iN~O GII?A8b3) ,JPL7(6i0) 00000070

DI INS2(128i55) 00000090
- __EQUIVALENCE (S;2(1)qREC2(I)) 0. - . . 0000090

COMMON IE~lr)RCI25)SGAq~~,).110)0000
1LOADCS, ITYPEIOEF1,SIGMiSI6SO.16) .IDE'.EM(650),1ACLUIDI50),NELEM, 00000110

-COMMON imbuE xmoE 00000130
UOU IVALENCE (IRP(I1) REC2I 1)) 00000140

.A MtL1 S7/DATAX/ IPLT ___ - - - - - 0 0 0 a15 0-
kAMrLis /OI/ICU 00000160
REAL*8 NAMEN4tBANEIJGPLFTLESt5,F ILCF(5I 00000110
DATA-GPL/lGPI. _ 9/__ 00.00018~0
DATA FILES/AHOESPI 48(4OESCI diI4OESC2 08HOLSI, iEHOLS2 /00000190
DATA FILE.F/RHOEFBI 1811OEFCI 94PHOFFC!' 98HO.Ft iISHOEF2 /00000200
DATA HrADR/ 0NORMAL -X I 0NORMAL-Yt' I SHEAR-X Y'.s MAJOR-- 11 'MINOR q,0 0 0 0 0 2 1 0
IsH[AR- 'if'THELTA '.oCAst 'i 00000220
DAIA UST/GEST i/00000230

i3692,-3 ',73A ~~Aa2 16 20 3* l6v279 2025v,1t 30 v2 bs21 v26 32 #00 000250
2)26/ 00000260

___DATA IiLAtJK/AHt_ /- - - - -- __ 0020
DATA8F.N/RHPNDI~1 /00000280

C 00000290
-CTP)I,2PR0G"4M~ CALCIJLA~rSCENTERLINE _STRESSES ,OR NASTRAN PLATE _LLLMEN0O000300.
C NLY AND 0GOMUTE A MAX/ ARRAY FOR THE CENTERLiNC STRES.StS. THORUQOD310
C C-RAM PEGUIRES THAT THE NASTRAN DATA BLOCKS OES) AND oEF1 EXIST ON A 00000323
.C_ T-A.P.E-. .MULTI-PLE_-S.UEROUTINES _ARE_ USED AND.IHLIRFUNCIIONS-ARE. AS.FOLL.00000330
C 1) READS - READS STRESS DATA FROM QESI AND COPIES 11 INTO SIG000003i0
C ARRAItY. D0000350
C 2) RrAflF -_R E A 0SPLAIC E q OCSý UROM Ofl.)FRT AND ýt.OAO CASOCOOO360_
C FLAGGED FROM (lb. !)ATA IS LEFT IN WORKING VECtTOR 00000370-
C 3) STRESS - CALCULATES CENTERLINE STRESSES AND ASSOCIATED PRINDOOOVO380

C SRESrs.00000390
C )LODM- LO6A[)S-THE'-AAX/-,MIN TABLE AS APPROPIATE6 0000OAOO
C 5) RITE WR ITES HEADER FOR STRESS OUTPUT 00000410

C 6) fRTOVR -. PRINTS-OVER MAXMIN-IN TMS IN SIGMA ARRAY.---._ _ 00040 20
C 000004+30
r 0000U4140
c PTAr)IN I OUootQO _

C WILL UiT FROCt !SSD. IF lOEFI iV -Is T14F FIRST fIBREF UISIANCOOOO0470
Ck fRMTH ROPERTY CARD W!?.L I-I UStrI. OTHEIRWISE, THE. SECONDODOO0011

C WILL fit US ED0. 0O000490
C 2) NAMES Of' NASTRAN O)Alb FILES (AND UIJNT tlkMliZnr ON wmliCH FILE ogooolsoo
f P ....N CNAUN ILSSN 4OC$I THE OR-D.ER- THy 0000510

C APLA~iON 4CKPONT TPE.00000520
C 1) THE LOAD CE~t 10 IJUBERS TO UE CXCtUllID FROMI CONS.IDERATIO14 OE0000530
C TEMAYI"IN ROOTINE. VAPIAIJtt IS IXCLUD WIlH UP TO tSO EXC[UODOOOSAD4

W RITE(6vUATAX) 00000570

C mtMIPRANF THICKNNESS 00000E,00

lFI TPEF .Q.REFN0) TFLAGcl. 0 0 0 ~'0 )1
C 5 11 TME R F L 6G 0 D00 6~ 0
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IT I I'LL-I 000to6tu

IF(TYME.NL.OlLANK) IT1PTE~1 00000660
C_ ZERO IIM!R __________00000670

00 i~ 31ý4 Hk 6 .iA 00000690
31 ~~_ 6 fCL- , ki4 ____ --- ________ __oooo

o0 '32 -J1 000007160
00 32 1=1110 00000720
;~ A~lrC.J*1-10 ____ ___ 00000730

-- 32 IPLT41,J)=JPL1ICA) ý000007ý0
FtAtl(5q0MIT ,LNO=SoERR=30) 00000750

30 C0O4TINUE ________00000760

iC IN1T IAL~ A1 AY 00000770
0O 1 Mt1,6E,0 00000780

IDELEM(M1)0 ~ ____00000790

00- 1ý iA~1, 00000600
D0 I yPflq1, 00000810

I SIGMAIMqMAqMfl)=0.0 ________________00000820

00 0 4I,% 00000830
SIGriA(p*q,1,)=-I.E60 000008',0
SIGMA(Mq.2v2)=-I_.E60 _____o 0 00008 50..
S IG VA 4tM.91 s3 ) I . t 0 00000860
S IGr-A(MAIN294 ) I.1 .E t0 00000870
SI GrA 4Mg 496 ) -I E60 __________ ___00000880

SIG?4A(M' 59T)=-X.I-C00069
2 CONTI11t0; 00000900

1- XTpEz 0 ~ _______ 0000910_
C 00000920

C THE CHECKPOINT TAPE. IS ASSUMED 'TO BE ON UNIT 10. 00000930

C 00000 940

c 00000960

00 300b t1=19 00000990
I OUT = 00000990

NAML1T- Ai -(1) 00001010
Ir(NAfl[It.EO.Bt186K)GO 10 3004 00001020

_CA I L Yr ETCH(.180 3qNAM E ITqREýCLj_&_1Y183KSjZSUiA__ 000010 30
IF( IsUC.GT.0) GO 'TO '300"2 00001040
WRIIE(693001) NAMEIT 00001050

3081 FORf'AI (1II1,2f1(/),IX ,120(9'k*')/.10X't7ROUBLE READING ,A, FROM 0ECO 0IOG
]STAPT TAPE--FATAL ERROR',f/s1Xvt20I**t)) 00001070-
STOP 00001080

3 002__K=0 0__ 0 000109 0
REWIND 100001100

3800o CON 7INUE 00001110

3V04 to ._3U_Q_~jA 1____________ 00001120

iE(NAME0().f:0.EST) KESIZI 00001130-
lF4NAML( 11.f0.6PL) KGPL=I 0000 1140
00 3010 J= Is 00001150
ItfJAt-¶0tI ) F.Q.F ILES (J) ) KSTR=I 00001160
IF0fJAMEE i).E0.PILEFhJ)) KFRC:1 100001170

3010 CONTINtUr 00001 1f0
CALL 001IO(KTRI00601190

dCALL LODTHK(KEST ,IFLAG) 00001200
C 00001210

c ST¶ART RLAOTNkO DATA nLOCKS FROM SCRATCH 7APES. 00001220
C 000012,30

n0 CALL READS(KSTR sl511 00001240
1EtIIVT'E.Eo.9.OR.ITYPE.*LQ.166OR.1TVPY .. 3 GO TOjP 61k 0___ 000012 5 0

T~IYVF7T0 0OT 10 .00081260
iJRTTlff6*11) 00001270

__I! LCO AliXv'lROUFLEWITH4 OES1'P____ 0000128D
stop 00001290

10 CO'QIINTJP 00001300
IF(IOlF.flG.,0)_CALL__REA.F_4KFRC__).00031

T- 00001,320
C PLAIT! ST4ESST.S ARE NOW CONTAINED IN THt ARRAY SIGMS, WITH ID C0141AINOV0O1330

C 1ULL~~r.PL~tL~rtN1 A ID~ECNANED IN TEMPORARY VCaR O0o01340
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c 000013501
C 000013b0
C_ CALL THE ROUT INE STRESS FOR CALCULATING CENTERLINE S7RCSSESADPROOiO

C MAKMIN SARCH.00001380
C 00001390

61 CALL siriESS _____________000014.00_

G604 T jO 00001410
51 J=O 00001420

C PPINT TAFLE OF NAXdiMIN DATA____0010
b0 -61- NZINE[LiN 00001440
JzJ.1 00001450
IF(J.rO0.1) W PITE(67 ______________ 0016

70 F0Rk~A--(-lHl--t/-/20X9'S U M H A R Y 0 F M A X I M U M A N 6 M000014"16
I I N I m U N S T R E S S E S*t~',,0X,( READ DATA SETS BY COLUMNSCOOO1480
2 )10) ____ ___00001490-FJE03 Ji 00'001500
WR1TE(697i) IDELEM(M)90PTH(1i) 00001510

71 -FORMAT( //i,45X0E L r M E N I N 0 9 I~.0~(HCNS~,64O012
I '//1 X,*MAXIMUM TENSION9913X,'MAXIMUM COMPRESSIOtI9,03Xt 00001530
2'PRINC!PAL STPCSSES' ,/1,13X,'NORMAL-X',7X,'N0RIMAL-'r'.7X,'NORMAL-X'00001540
3,IY,'P4ORMAL-Y*, 7X,'SHEAR-XYl9XAJ0'l 'Iu ,RLH ML 0050
PC0 7 2 f4I tI I 00001560
lFl(lI*GT.6) C.O 10174 00001570
WPITE(6,73) H-IADR(tiI_2, (SI0NA(Mg-jMIJOMj=1,8L) 00OCISO__

73 FRMA(1XA8,R2~,I 37))00001590
C PRINT OVER fl1AGONAL TERNS 00001600

CALL 0RORE~I 0______-___ 0001610
COTo 72- 00001620

74 1F(flT.F0.7) WRJTE(6,75) HEAOR(M 1)s( SIGMA 4NMI ,MJ),J qM=,8) 00001630
75 FORN.AT(1XvAR,98(6X9F9#4))2______ 00001640.

IF(NI ~ ~ ~ fg .E.)RT(,6HARM~ (SIGMA( MsMIqMqJ) MJ=-1-8-) 00001650
76 FORMAT( 1XAAB,(AXvF7.0)) 00001660
72 CONTINUE _______ ___ ___ ______0017

60--- ýOCOTINUE 00001660
CALL ELCONfVES1,KGPL) 00001690
STOP 0_________ 0000170 0

-- tUifi 00000010
SUPROUTINE SOR7ID(IUNIT) 00001720
REAL.R TIME qXMOOEXMOC __ 00001730

REL8ElEN0000,5COM FON /flOUT U/ 10 LT 000 1 9
COMMON IRECI (146) ,REC2(128ý3hS1IGNA(650,A,8) ,Sl(18032 00001760

1LQAC)CSqTTYPtlq1OiF1tSIGMS(650916291DELEM(650)91XCLUO(50)$NELELM4 00001770-
21P~(10,2,NFUDTH(60),IIME00001780

CORMfON/MOPF/XMr'r 00001790

DIMENSION IOP(12853) 00001R10i
tQOUVALENCE tifpmtlhýC2(11) 00001820
IF(IIIME.LT.0) GO TO 4001 ___ ___ 00001830
CALL CLOCK(ITIE 0000O 18 A
T1M=(TIN'E*3.6OD3? 00001850
WRIIL(6,1000) TIM __ _____ 00001860

4001 COP11INUF 0001670
1000 FOPPIATf1X,'rENTrRING SORIIDO'*,E6.A) 00001880

C THIS SUBRFOUTINE SCANS THE STRESS TARLE., BUILDS IDELEM ARRAY, ANDIHENO0001R9D
C 1T IN ASEDiNGORER 00001,100

PNELEM = 0 00001910
KASFLG= -1 00002920

99 RA~hIN1TNO~11)FIENJJL0,0001930
REA0(1UNlTE'N0=101)(IRECI(II),1lILI 00001940
READ IUNITsENO=I0I)FILEN9JJqL 00001950

REAOIUNI.END101 ( RC2(I),11,LI00001960
C CHECK FOR PLATE ELEMENT 00001970

ITYPE=IREC1 (32 ___ 000-01980
DO 10 1=1910 0019
IF(ITYPE.EOsIPLI 4191)) GO TO 48l 00002000

10 CONTINUF ________________ __ 00002010
tO TO t99-§§ - 00002020

9 F LOADCS=IREC1(4) 00002030
F-( X M 1E EQ. X Mo ri .0AA0CS =1R EC 14 5) ______ 00002040. 1
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C SET FIRST LOA0 CASE NUMBER 00002053
IPOf'ASVLG.E0.-I) LOA01mL0AOCS 00002060

___FfLOAOCS.GT.LOIADO)0GO TO 101 0000O2O07

C SLT NUMH~k OF ELEMENTS OU00209P
NI7IO=L/IPLT 4 192) 90002200
DO 0 0J=1NEIU 0 0 002 110
K=IJELtM+J 00002A420
JA= (J-I)4I PLT (192),1 _ __0000ý 130

C. ERILCUP ELMN 0 RAOC'J21 40 '
90 IDULE M(K~ 10P 4 JA)-1)/10 00002150

fi__ ___ ___ ___ ___ ___ ___ ___ 0000,' 160

101 CONTINUE 00Oq2I~A0
.CSORT THE 104S 0Q20

)(XN'ELEFRMM 0
20 KN1:1 00002210 4
21 0 KOK- X___ _______ 0000222 V'
LO= 0 __7000022-3)
Do 30 N=19KO U0002.!40)
6O TO 422,23),K-N1 ___ 01)002ý250

22-1=N - 00002260
GO TO 24 0000227v

24 CONTINUE 0000L,290_
IF(IOELEM(l)-IDLLEM(I,1)) 30930925 oooorsoo

25 NARY=IIWL[M(I) ___ 000-12310

IULLEM,(i.I )=NAR~Y 001102330
LOzI 00002540

30 CONTINUE ________00002350

IFL)40910935 00002360
35 IFI KNI-1) 45059,20 00002370
45 KN =2 -- ______ _______'002380O

GO TO 21 00)002390
40 CON I INUF 0C4t

RE IND 1UNILT 0___0__ 24~10

ITYPE=O 00001242o
RETURN 00002430

1~0WRTr(!,102 ______(00024"0_
102 FORMiA7(1HI,10(I)41X,'TROUPLE IN WSIROUTIN( z.ORTID--- aOlt 0Duj02q50

STOP 00002k60
-- END ____ 0 002 4T70

S-6R_ R OU r-INE-L -DT H KA 60 i f T.TFL"A-G) 0000?4510
REAL*B TIME 00002e.90
DIMENSION 10P(12653) 00V0Q2bD_
COMMON IEI14),F2 25)SCA6088,S(R3,0O00(251ý
ILOAflC~,1TYPrtlOEFISJGMS(650,16)1,1ELEM4650),IXCLU0(503 ,NELEii. 00002520

EQUIVALENCE (IDP(1)F.Rc2(l)) 00002540

REALa51 FILE 00002S5i0
E0lOPN/N00TUIIOUT ______ ______~ ~ ~ 026
ROU I U1NIT 0000I2fl0

adIF( I IME.LT.0) GO TO 4001 00002580

A IMzt7lNE'I..6D3) 00002660i
N RIYE16,1000) TIM 00002611,

D lVh TI NUJf __ __ ____________________ _ 000262C..
100p rDpMATC1Y,'LNTLRING LDDTHK',F16.8) £0002630

C 1TH1S SUAPOUIINE LOADS THE PLATE THICKNESSES 000026*%D
~A2 l~ O(IU] TND~ 00)VILj~i, L ______0000265D~

IF(L.L[E.6) RETURN 001)02660
PEADf4 IUNT91ND=±I00) (REC2(1 tl)1IsLl ~00020?3

IF(J. :r 2.-IPL r( 9I1)) 60 TO 50 00002T00

43 CONTINUE 00002710

50 CONTiNUr 00002730
11I(Tr If'LT(I,3) __________0O?~
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I ~T-0 T. PLY I,' I00061t0

1e rtAl'J10T S 00002820)

IEC0=T!)P('R) 010002830

I I F.I.'T10 V IDF M NFLEM4 I W. TO 4 2 0000205f)1
DO 20 ff,:1t,~jfEFDI___ 00002860
I F It:I D 11to DOE LEM (I L U O7 00002870

tip TV( 1 C .0PUC(1..J.LO.R.R..E'1 5 OPTOIJ0PC2880
I IFerfL0.L~C E 0 T7.O..J .R.OR 20 J. E.. %I ,. *5)OTH1000~2A90

ý6 , 2600002900
:F4J~Os.0Pd~r0.19 OPNET~wC21R.rC1~i)00002',10

20 CONTI NrUu 00002920

10 rl;N ,NIJE 00002930

C-0 TO 41' 000029140
100 v-:TURN 0 ý 00? 9tlo

SNo 00WC2960
S~rIOLJHtE EAQ~IUNT~d)O00297~

REAL 68 FTLLEN XMODE.*XMOF. 00002980
__RtAL.F( TIME ___00002990

E0M~'~flIUT U/OUT 0003010

C MMON IP(EC (146),REC2(1?353),SIGM*IA650,8iR),s1(03,___0032

1t0A0CSITYPLý('.EfIrSiGMS(650,16 .,1OELEM(650),IXCLtJD(50~v,4ELLM, 00003030
2IPLT(10,6()41(!OB,flPH(650),ITIME O000ýO40

109r107motIAtM (,OE Itfl y___ _a_ 0 00 03 050
* DA TA %-¶ b0 i k 60t)E * . 0000306D

10111 '1 ALENCE 4I0P( 1) REC2( 1 ) 00003070

--- 0LT=IUNIT __________00003U86
* FjiME.Lf. 0) 6 ff ii- - 060003c90

CALL CLOCK(ITTME) 00003100

WRT(,iO)TIM O00003120
e-001 CO?IT1r~jur 000031 3 0

100 ORMAT(IX90UNTURINGf RCAOS',FIG.8) _______ 0 003 14 0_

C 000031610

13 9 -CONTI IN UE _______ _ 0 000317 0
REA~ OUNTtUN6=1O0 TLNJq 00003180

IFIL.LI.1000 RETURN 1 06003190

WRI17(6912) FILL-NvJJvL PD____________ _____ 0003200
12 F0PMAT(]XvAq,2(qX;i8)) 300032I0

RVA0(IIIN1TvEND=J00) (IRECI (11), I=IqL) 00003220
)~ ~ ______00003230

11 FORMAT(X1X,15181 60003?46

RCAlif UNITvEfH)=100) FILCNodJJL 00003250
PrAn(IUN1TvENr:tJ-00J_(REC2UIIh1,l~L) 00003260..

c 201 rORMAT(lXV8(IF1.4?1x)) 00003280
C CHECK FOR rLATf CLFMEN____-____________ 00003290.

00 o0 i-q 1 00003-500

IFlIR1EC1(3).rG.IPLT(sI,)) Go To 98 00003310
10 CONTINUE _____________________ ____00003520

GO TO 99 00003330
C u000,k3q0
C PLATE _CLEMENT FCUTID., PROCEED 000ob5350

C COO0S360
9A L0Ar)CS=IRECI(4) 00003.310

FI) MM0E.t0.XMODE )LuA(OCS~1RtC1(5) 09003380
IT20FIRFC (3)0000.3590 i

C SET NUMHEA OF ELEMENTS IDS 0 (o003 A u
fJ[JO=4/ PIT (1,2) 00003410
v0 §hji~ji 00033420
JA:IJ-1 )*IPLT(I ,2)*1 O00P3( l)
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00 91 K=1.NELEM 00003450
I~tI0.LQ.10ELEM(K?) GO TO 92 00003460

91 CONTINUC. 00003410
92 1EKD=IP1TfI1,2-l 003R

IC LOOCP THROUGHI LMtYNIS AND STOKE IN SIGMS ARRAY# c0003q90
C 00003500

09SIGS(R ,dfl)=RtC2(JA4J0) -.----- 00003520

200 FOPMAT( AX,8iF14.*,1X),.',1Xtf(Fi1*4*,IX3) 00005560
U-0I OcntI INUE ;.--___ ~___

RE TURN 00003590
f~SOP- 000036000

6100061
SUPROU711N READr(IUN17) 00003C,20

IEAt.'8 TIME 00003Gq0
DIMESIONt Tt)PM8531 000036,50

ILoAncstlTYPF,10,rF1,SIH)S(&50,16, ,IfELEM(650hI)91CLUD(50),NELEpi, 00005470
21PLTI10~lA)d?!1uDpTH4(650),IT1RE 000n03 6&0

r---Od~iVAL( tJC~.P)RC(j - --
03~FLOPMHO-NNOUTU/IOUT 00003700

1FMITMLE.LTeOl GO TO 4001 00003718i
,-Ktý-QK 0 0_E ~ ._ _ _ _ _ 3~V J 0072 0-

T I M(fT I ML#3. 40 31 00003730
WRITri6vi000) Tim 000037*0~O9JL0NT1N(~0 _ _0 0 3 750-

loon FR0PMA1(IW~ENTERING P.IADF'qFl6*8) 00003760
Y0UT=]UNI 7 00003710

c R NIr-____ _00003790~
c CPY 0F1 FROM TAPEF 000037900

000038200

99) CONT I81JE 000053C3
11 P~lE16,p1)1T TYPgo.ADCS ____ a___ 0003 840

PF:Art IUH'1jrTP10=l100) FILEN,,JJvL 00003860

W PITF. 16y 1.0ý! 100005870
PEAD(IlJfh1 ifN0=JnflO (INEC14(01)I1o.L) ~00003ý890
C ~~D1 _ _961J RC i~jjL _____0000390c

II FORMAT (ii. t15TA) 0,00391C0
READ(C IlJN1Tji--tJ0 100) FJLtNvJJ9L or0T01920
PEAU IlUN~jED 1) (RXC2(~ I1, 11)____ ~ 0 0 0 930i

IFNRWN.1T.51 )O 1, 1 I10 0 0003940
no 10 P4.*10 0010039! 0
lrr RE" I(:1c)ErJ-JPLH1,1) GOr o __ 00039162

In OThaw 00003?1 0

r____ 0000*(110
102 JF4 IRECI 43)011JE.11YPE.U:P,.I6(ECI(4).N(.L0A0CS) 00 10 99 0011D4020

RETURN P0004040

10 RWINO1 IUN!17- 00 nfin 1 50

1101 WKI 11I.16,P$1111 0001)(1 ~ 70
lt! FOMIIIq'0/qID *)0vWH UNIT CONIAIINING DEVI MA~q FLEd009010H0O

.1 PWOUPMf 5 T1IfLS -VERIFY THIAT PLATE FORCES ARE ON TAPL'*//9l?0('0Q00~'i09
?. a) o00 100

ýTOP00001161
0 Nfl ______000011I120

Stli'FUTU11W STHLS5 . 0004$30PE At:A
DIMENSIONs~cdn.a mmJ~d~~it~h~~ .I) (I.A3 000g4jn .. , 4, j.150 ... a.



-- COMMON IRECICI46) RC2-2-00004160;eR)51183
ILOAOCSqilTYPEIlEFISIGMS(650,1,IvDE.L.EM(6950)IXCLUjO(51),NELEM, 0U0004170
2IP1'I(1096)tNF!D.DPTH(65f1),ITlNE ____000041800

LOU AL UDPII ,EC2 1) 00004190
COMMON/STSART/IZID(200),ZSIGI(2003 1 ZS1&2(20D) ,STDLNI2001eSTlSIMU 00004200

c _ LOOP THROUIGH ELEMENTS -___ 00004210
IF( JTINE.Lt.Oi'GbTO400 00104~220
CALL- CLOCK(1,TIME) 00004230

___ TIM=(T IVE,36)3 ? 00004240
~RiT(6,l~0) TM o0000250

4001 rONTINUE 00004260
1000 rýQRHAT(IWU'NTrRINGSTES,1. ____0020

- -- c6-- 00004280'

J=1 00004290
C SET aRECORD LENGTH 0 0004 30 0

C. IF ITYPE *EQ. 99169639 LNGZR 00004320
N C, 8 --- 0a00043 30

IFfity E.EQ.9.OR.ITYPE.EQ.16.OR.ITYPE.EO.63) GO 10 3 00004314D
C IF IOEF1 *GE. 09 LNC=6 00004350

LNG--6 ___________- 0000436C
--- iF(IOEFI.GE.0) GO TO 3 0047

C IF IOEFi .LT. 0, LkNG.=I7 .0Ooo3ao
LNIL.....= .--- 00004390

DO-'6 10 L1,NCID '- *---'- --- 00008 400
KK= CL-I *1NG4 1 00004410

___ID=(IDP(KK)-11/10 ___________ ____00004 420

DO ')I I=1wNELEM 00004143f
IF(ID).EO.IDCLEP.(1)) GO TO092 00004440

91 CONT7INUF cool_____ A00450-
WRJIT r( 6,970 n 00004160

70 FORMAT(1fl1,20(/),120('4'),ý/,*N0 ELEMENT HAS BEEN FOUND IN OEFI F000004A70
18 7itt CURRF.NT LOAD CASE ANDILEM !ij~.'il ELEMENTL1q1&_kS I~&!NL1S IGNOREOIJOO4480-

20.44191240*1) 1 1. 0004490
STOP 00004500
CIO_ T0 '010 ________ 0 000 4510 -

92 CONTINUE 6O0O45ZO
JC=JC .1 00004530

____J-J.01 CALL -RITE "(-ITtYeEjL0ADCS)L ______-____A_

IFiOC.E0.50) jC~ 00055
IF(LNG.EG.8) GO 7O 99 00004560

iFJ~*F.L.0 0 10 35 00004570
C CHECK FOR ZERO FIBRE DISTANCE* 00001580

J=1 00004590
I.FSIQMS41,J)P.EQ.0-.) GOT 9 004

J= 0000q610
If(SIGMS(IJ).I'.0600) GO 'TO 99 00004620
J= 1 00004630

c DATA IS FOUND FPOI EI7UAL DISTANCtS FPOM CENTERLINE., AVERAGE DAIA. 00004650
5~IrS(IJ~j~(S(MSIJ.).SGMS1,J9) /2.00000660

CO 10 4100004690
5 CONTINUE. 0000469 0

C READ NONZERO FIBREDIS7ANCC ___~*~~~~~~~~~~~~~~~~~,0 0 04 70 0-
0000k710

IF(SIGpIS(T99)).GT-SIGMS(T,1I) 'J=9 00004.'20
____ 0___ 0004,7,30

40 CONTI0UE40
*C IF YO119RE HERE, YOU FOUND AN ELEMENT MATCH. .0000A750

flENSTS=-RAFC2qKK41)/TSQO06 ___-___ 0000476f)-
IFFNISL.. BtSS-eN 00004770

C STRFSS IS POSITIVE IF TENSIONt 000014780
SIMIIJiIIMSls11-0 EtSIS ___00004790

PEN-,T.S=.--REi2(K#2) iiSQOO 00004900
It~CFI8DIS.LT#.0. 61UEtSTS=-BENSTS 00004610

__SIGMS(l.J.2I=SIGMS(1,J+2)-SENSTS, 00004820

C P~NCIAL SKE'SFS00004840
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S';IC3:SIG SI 41t2 00004860
$tG4=SIGI-SIG2 000041170
SPI(MS(It J+51 =AM AXI( S1639SI G4) ___ ______ __00004ps80

SIGMS(1J4. (,Fti N14SIi0,SIG4) 00004890 *
S1CMStIJ44)=(AfftN4(2.4S1GNS1IJ.3)/(SIGMS(IJ42)-SIGMStIJ*11)) 00 0004900

_I/?.* ~190./3*1 416 __0_ 0______ 0004 9 10
H S!Grs(i,J+7)=AfIS(SIG2) 00001920

1ý IF(S1&MS4 1,J.4).flT.45..OR.SIGMS(1,J44).LT.-45.) 00004930
cl s( ___- 0 0 0 04 94 0_
35 IF(IOtFI.L7.-l) J=9 00004950
99 -)PI =J*1 00004960

.JP7=d,7 _________000fl4970

WRITEI6,9R)1 lDS~r.MS(U.IJlJ=JP1,JP7),OPTHI,ý 00004960
98 FOIRrATI l8,6AX3(113.7,p2X),Fl2.4, 3(2X,'I3.7)sX9F6.4) 00004990

- (it!.EJjif- LqofA. 6) 0_'t01 9_______ ______________ 00005000a
IF(17YPE.E9.19)GO 70100 00005010
IF(IIYPE.EO.17)GI) TO 100D 00005020
IFj(iTYPE.EQ.18060 10 100 __ 00005030.
60 TO 200 00005040

100 IZIOIL)=lO 00005050
I'SIG1(L0:SIGMS419JP7-2) 00005060
ZSJ02(1) =S1GMS( 1vJP7-1) 00005070
S IDC R( L ~5.(Z SI GIL *2 Z S10 2 L'2 -2 .S TM UZ S 1 1 t L dZSIG24LW) 00005080
I STE 00005090

c SKIP iMAX/HIM 00005100L
I CILunto00005110

200 1)0 ?9 IXY=1950 ____00005120

IFIJXCLUD#(TXY).-J0 OT01078 600005130-
IF LOAOCS.EO.IXCLIJD(IXY)) 1CLUOt:I 0000511'0
IF(LOAOCS.EQ.IXCLUO(IXY)) G0 70 10 - ___ 00005150~

79 CONTI 1NUE 00005160
78 CONTINUF 00005170

_C NOW FILL. UP MAX/MIN ARRAY. ____ ___ ________00005180

IF(SIGI4S(1,J.1).LC.SIGMA(itl,100 0000 TO 0000'
CALL LOAOMM(I1919,I) 00005200

A0 IF(SIGM.S(1,J41).GT.S.ICMA(Z1,13))- 0001 _ 005 2 1)
CALL OADM(1,3JI)00005220

81 IF1F(SIGM(li,1+.2) ,LE.S10MA(19292)) G0O 08?2 0'02S
CALL OACIM111200)00005240

R:2 GO.1M(,.Ir,.1Mq, ) 001083 00005250
CAL OAH Mil,4,j0-) 00005260

o3 rf(ARS(SIG'MS41,J*3)).LE.ABS(S1GMA(19395)I) 60 010ff 00005270
CALL LOAOMP.( ISJ,5 I____ ___ 0000.5280

641(S6S(,.4.E.1MA1Go) 618 00005290
CALL. LOAflmmti,6qj,) 00005.300

M8i IF(SIGMS(1 9J'5) .G7.SIGMAW5os7L! 00 TpO86 00005310

AG Ir(AHS(SIGMsEIJ46)3.LE.AOS(SIGMA(It6R)3) 6001010 00005330
CALL LOADMM(I.8,J,1l _______ ___ 000053410

IF(ICLUD.EQ.1)GO TO0300 000fl5360
CALL S1S0InT 00005370

CALL CLOCK(1,1IYE) 00005390
Tlm=(1IMt*.1.6O3) 0000541004

WRIT(6,001)TIM00005410-
40(t, CO1,41INUE 0000~20
1001 FORMAT IX90LEAVING '.T~r.SS99F16#81 0053

ARlu TURN,-' - '--, - - 0000,5440
ST i P000054%50

_____ __) 00005,460
su v R oil i Ne -L wolJP (jbd LMI0IkrcLft 0 000 ar)4710
DIMENSION IOP(121153) 00005480
COMPON 1Rrcl(146),REC2C12R53),SI0MAlr,5oR8I tSl(1803), 0000,3490_

2IPLTW1oq,6),NrIDOrTH(6500.111ME OOOOb!1 Io
OI VALrfNCEF (-IOQP( 1.),REC2(III) ___________ ___ ___ 005520

C 141' .U74R007INE LOADS 1HW ICOL COLUMN OF THE MAX/IMI ARRAY FOR THE 00 0 05540
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S1GMA(Kfl(LEM,1,1COL)=SIGMiS(J0ELEflJ*1) 0005510
___S1GI-A('.flELEM,2, 1COL)=SI0MS(J0ELEM1 J42)______________ 005!2110

S1nMAliVDELEN,3, COL):SIGMS(JDELEMJ43) 0059
S I MACKDELEN ,A* 1COL ):5 =SIMS(JIDELEMoJ+5) 00005600
S IGMA(KOEL.EM.5, I COL)=S I GMS( JOEL EMJ46) 00005610

I RPA( OELEP,G,1COL):S1iGMS(J0iCegMj.7) 00005620
SIOMA(KDELEM,?. 1C01)=SIGNS(JOELEMJo,A) 00005630

____SPJMA(KDELEM,8vtC 0 L)=L OADCS _________-_- 00005640
POCINR 00005650
STOP 00005660
END ___-__ __ __- _00005670~

SUPRUTIN PHOVR(,J)00005680
DIMFNSION IDPU12'i5) 00005690

____C0(WOJJREC1(1quvREC2( 12853) ,SIG¶A (650,8gB),PS1(1R03), 00005100
HiLOAcsiTYPrIoVi- ,SIGAMS(6516),iDCLEM(6507, IXCLUD(503 ,NELLM,9 00005710
2)PLT(ItO,6),NCIU,0OP;4I650) sIIImU 00005720
EOUIVALfNCF. (IUPl1)9REC2(I)) 0_____ 0 0005 7 30
G 0 7610(1",2 0,4306 ,? CI) *9 0,9A 0 ),- J 00005740

10 WR 11(46,11) SIGMAC 1,J,1 0,SIGMA( 1,,),3) 00005750

WRITEU6s11) SIGMiA(IvJ,11),SIGMA(IvJ,3) -00005760 I
11 FORMAT (ill..) X-E13.7,1 7XC13.7) 00005770

RETURN 00005700
20 WRIIE(692 ) SIGMAI 1,Jv2),sIGMA( I*Jq4) 00005900

21 FOR 1'ATE IH* 25XvElI3.7,1 7XoEl 3*7) 00005810
Ar~liprs 00005620

---0WIr6o -sqoos- -______00005830-

06446h,931) SIGfMA(1,Jv5) 000058140
31 FO~RATf(1114TCXEl3.7) 00005850

At__ H TURN ______ ____00005A60

47- -WRIE(i6,A41 ) SI G KA(IJ 16) 00005870
V I Tt(6*41) SIGPA(IvJ,6i) 00005(480i

Al FORMiAT( IH+,BSE1.7 _____ 000 a9
RETU~n00005900

50 WRIlrFh6bi) SIGr.Altj,7) oo0os9bo

51 ORAA-T0114* 10OX,9E13.71 00005930"
RE T UR N 00005,940

--60_VR I IF!,6U IGMACIJ8)~0 05 5
WRITE(C,61) SIGMA(IJR) 00005960

61 FORMATIiHN.i15xr1.3.7) 00005910

S70P 00005990
END 00006000

__SUBROUTINE RIE IlTYPELOIAO._0 _____.) - - - --- , 00006010
--- AIR1E-(6,o10) 00006020

10 FORMATC1H1,l/,30X,*S 1 R I S 5 F S I N ') 00006030
___ F(ITYPr.EO._A) WRITE(69_6) 100006040_

I F( ItY P'E-. F. 7-) -W-R -1 7E 6 9 7)J OOoo6115
IF(ITYPE.EG. 8) WRITE469 8) 00006060

__ F(ITYPES.Ego9)_WRIT(46. 9) 00006070
IF ( ITY~r'. EQ.15) -RT(4,15) 00006080
IFVIIYP[.EQ.I6) WRITE(6,16) 00006090
IF(ITYPE.G.1.7) WRII((6917) _____-_ ___00006100

0( I-TYPE. 0.IA RT(,8 000061 10
IF(JTYPE*EO.19) 4WRITE(6919) 00006120
IFeIT'rrr.fQ.63- WRITE(6,t63) _ _______000061301

WRIITr(6,920 ) LOADCSý 000061q0
20 FORMAT(IPI.,1OX,'P L A I E S r 0 A C A S E09189/) 000061ti0
6 FORMAT(IHN.,q9'X'( I R 1 A. 1 ) __ _ 0.000616 0
7 f~)A4I45XCIR05C* 00006170
A4 FOQMAf4Iff+958W,'C 7 R P L 1 ) 00006180

r ORPmATf1H.,j4Xi,'C T A M M~..2 0) ---.- * - - - 0 0 00619 0
15 FoRmiiTi1H.,54x.'C- 000P001 o 200'
16 FORVA7(1H*,'AXq'C 0 0 M E M 0) 00006210
17 FORMAT(111.,547WC T R I A 2 ') __________________ G00i220 -

18~O- rOiT14,Ac' F-- 2' 00006,250
19 F')NMAl(1ll4*9'?4X'L 0 U A 0 1 0) 00006240
63 FORmAT(1Hs,94)Xq'C 0 0M EM 20)__ 00006250
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I WRIIE(6,q00 00006260
A0 FORMAT(IX,'fLtM~t$T',1OX,'STftESSES IN ELEMENT COORD SYSIEM1912X9 00006210

_ 19PRINCIPAL91I1XOPRINCIPAL. STRESSES*) _____ _ 0__ 00062 8 0
RI RTF (6,0 Fie 00006290

50 FOaMAT(3X,* ID.' .l0X,9NOftNPL-X',7K'NORMAL-Yt',X0"Sl4EAR-XY',bXs 00006300
_'1Siofss ANMr~ig' X,*MAJIOR*g10X,'M1NORO*,AX,*SHCAR*c7X,'THICMNESS'. 0000631.0

il- 0 0006i320
Fr TURN 000063311

r~~n 00006340
WFU4R0LVTlNUf1 NLC6kKBSGI 00006350
COMMON IRECI11l6),REC2(12853),S1GNA(650.8,R),S1(18031, 00006360
lLOAOCSIlTYPEIOEF1,SIGMSI650,16),IDELEM(650),ittaUO(50) tNELEM, 00006370

2WLT(1,6h~ff~bPI~i5O1Hi~ 7-.-.-----7 00006360
______IMVNSION ICOtJi6SvO,73,IGPL(1300).JEST(10u.IDP(12853) 0000(.390

REAL.8 IIL~tJtLtdAME(12)sNAME 0060
00006400

!)ATA .iES114*392* 9*34 00006430
____DATA LNAFNE/BHCTRIAI *RHCTR8SC ,RHCTRPLY ,SHCTRMEM 9SHCOOPLT vOO0064'.0

RrwINO KtST 00006A60
C READ IN GPI. TAFLE ___ _____00006470

RtCiii(KGL) FILFiN.JL 0 0006qh0
READ(KGPL) (IGPL(1),I=19L) 00006490
KIL=0________ ___________ 00006500

C READ IN FST T7AHIE 0061
19 READoK1ST*E:flOI00) FIL[N,.JvL 00006520

REAP(KESTEN0=1O0) (REC?( I),oI19LI 00006530
1F(IDP(I)..GT.10.ANO.IDPII3.L71.15) GO TO 19 . 00006540
IF(lop(I).GT.19.ANO.1OP(1).L1.31) GO TO 19 00006550
1FIL.LE.6) GO TO 100 ________00006560

LTYPE=IflP(i3 0000______________-o6570

C DETERMINE ELEMENT TYPE 000065R0
00 20 IA=1910__ ___ 00006590

rQLTPEE.IPLT(IAR 001 0 00006600
20 CONTINUE 00006610

- -GO_ To ______ 1______ __ _0.00 06620
30 CONTiNUE 00006630

LNC,=IPL7(IA%6) 00006640
NELEM=L/LN0 0_________ ______0006650

H 'S=NL,1 00006660
NLxNL4NfLEM 00006670

0006630
K=K41 00006700
18: U(-1) LN5*2 _________________00006710

IC=JEST(IA) 00006720-
IC0M(I~ 131Dp( Ip) 00006730

ICON(I,32)=IC 00006740

00 41 4=19,1C 00006760
INGPL=(1D0P(18.J)*5)/6__________ 00006770

41 ICON(!,J*3)=IGPL(INGPL) 00006780
40 CONTINUE 00006790

cP To019 - ________00006800

C CONNECTIONl AR4RAY IS COMPLETE, SORT 11 00006810
06l10 CONIINUE 01)006820

NFLE M=NL 00006R30
CALL SOR7CXIICflN96509791) 00006340

C NOld PRINT 1T 00006930
P=_____ 00006860

DO 50 I1=1NL 00006870
IF(M.En.0) WIfI1E(fis51) 00006080

__.5j.-OR "MATCIH191,00WE L E M E N __'7 C_ 0 _h N E C TI1C NIt A li LE'-00006R90
1,~,7x'~1~rjT',x,'L(N NT'1x,(8E'GR0',x),,9 1'0D,912X9 00006900

21NAME',13X9'A9q 14Xq'R*9l4X,'C.14X99D0%//) 00006910
MAMELNA~(JCO(I ,~ _____00006920

IC~CON 1,)4300006930*
WRITE46960) IC0N(1,1hoNAMEt,(ICON(1,JqJ,.J4,IC) 00006940
60 -- DOMTýK_16j,9K ,Ahq,ýX,4 1 I,6) 00006950.

=:M41 4800006960
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ME.MBER NAME S83PI.AT2_______
liPm.GF.5l) m:0 00006970

50 C5NTINUE 000069ti0
RET URN 00006990
ENO 00007000
SUIIROUTINE SO~lCX(I TEMPvLMIs[L) 00007010

OIL NIE I__j003.__._ _00007020
1LOAflCS.I7YPtIOEF1,S1GMS(650,16~.IDCLEN(650),IXCLUD(50) iNELEM, 00007030
21PLT110,6lPdE1O.OPT4650)oIT1lME 00007040

C 00007060
C hEUMP IS THE ARRAY 10 BE SORTED 0000701~0

C .AND M ARE THE AD.JUSTAIQjj DIMJIIONVARIBiAN jjOlt~ ___ 00007080
C 00007090
c 00007100

CI EL TH NO OTTHE IL~_CL ON_ TO 1 SD .Olt__00007110,
C 00007120

C 00007130
ODTM[ NS Lv ! N 1Ttl4 LMA F _L5 0 )L__ -. Q________0007140_
iOUIVALENCE (NARY(1IIOELCII(1)) 600071590
LL H ELEM 00007160

? N =___ ____ 00007170
lF(L.EO.1.AND.M.t0.1)GO TO 71 -- 00007180
XX = LL 00007190

20 KNI =I ___________ ____________Q 00_0_7_20__

21 NO= KX -1 00007210
LO =0 00007220

_ 00 30-N JO_______________ _______o0oo 02 30-
GO TO (22*23)*KNI .000072f#0

22 1 = j 00007250
Go TO 4 ______________________________00007260..

231 N- 00007270
24 CONTINUE 00007280

IFMP____EtL- .Q L IF~ k _L _ _0 00 07 29 0
25 D0 60 11 1,MM 00007300

P ARY ( 11) =ITCNPtIII1 00007310
ITELrP 1qt1)= ITEMIP(141,1) .00007320
ITEIti [.1,h1i z NARVI 11) 00007350

6n CONTINUE 000073i0
LO =1 .__ __ _ _ -00007350

30 COiNT.IN51UE 00007360
1Ff~L0)40i40935 00007370

35 IF(KNl-1)45i45v20 ____________________ 00007380

60 To 21 .00007400

70 CONTINUE _00007420

71 RETURN 00007430
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